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PEEFACE. 


The  following  work  consists  of  Two  Parts— one  devoted  to 
the  Analysis  of  the  principal  Articles  of  Diet  in  daily  use ;  the 
other  to  the  Detection  and  Estimation  of  Poisons,  organic  and 
inorganic. 

In  the  First  Portion,  the  author  has  endeavoured  to  give 
a  clear  and  condse  account  of  the  composition  of  the  various 
Foods  and  Beverages,  with  the  best  and  most  recent  methods 
for  the  detection  of  any  Adulteration.  A  few  of  the  more 
important  Legal  Cases  are  detailed,  where  their  bearing  on 
the  subject  renders  them  helpful;  and  to  every  Article  is 
appended  a  Bibliography  of  the  works  and  papers  consulted. 

In  the  Second  Portion,  the  arrangement  of  the  Organic 
Poisons  is  simply  that  which  suggests  itself  naturally  in  a 
methodical  investigation  —  the  more  volatile  Poisons,  those 
that  are  obtained  by  processes  of  distillation,  being  considered 
first;  and,  in  the  second  place,  those  extracted  by  alcoholic  or 
ethereal  solvents.  The  Iryorgcmio  Poisons,  finally,  are  taken 
in  the  order  in  which  they  may  most  conveniently  be  sought. 

The  Symptoms  produced  by  Poisons  are  only  occasionally 
and  briefly  referred  to,  save  in  a  few  instances  where  the 
information  furnished  by  the  standard  text-books  seemed  to 
require  supplementing,  or  where  recent  cases  have  afforded 
new  data.  Under  each  head,  however,  will  be  found  the  dose 
likely  to  prove  fatal  to  man  and  animals,  with  analyses  of  the 
chief  technical,  medical,  veterinary,  and  patent  compounds  of 
the  drug  or  poison  in  question.  Due  prominence  is  also  given 
to  the  special  points  on  which  the  evidence  of  the  ^ii^eitt  ''?n!!^ 
he  looked /or  IB  Court, 

b 


VI 


PREFACE. 


The  scope  of  the  present  work  is,  of  course,  essentially  what 
its  title  implies;  still,  in  several  instances  le^g.,  fousel  oil, 
copper  in  vegetables,  <S:c),  the  medical,  as  well  as  the  chemical, 
aspect  of  the  subject  under  consideration  has  been  freely 
discussed.  This  is  more  especially  the  case  in  the  Article  on 
^'  Milk,"  in*  which  will  be  found  its  composition  in  health  and 
disease,  and  an  account  (as  complete  as  the  limits  of  the  work 
will  allow)  of  the  real  or  supposed  propagation  of  various 
maladies  by  its  agency. 

In  conclusion,  the  author  trusts  that  the  Manual  will  be 
found  not  only,  and  in  reality,  a  Jumdy-hooik.  of  reference  for 
professed  Students  of  Chemistry,  but  suggestive  also  to 
Hygi^nists,  Medical  Men,  Veterinary  Surgeons,  and  Pharma- 
ceutists. To  the  best  of  his  knowledge,  there  is  no  other  work 
in  the  language  covering  precisely  the  same  ground — a  ground 
occupied  in  Continental  Literature  by  such  treatises  as  the 
^* Handbuch  der  Gerichtlichen  Chemie'*  of  Sonnenschein,  and 
others  of  a  similar  scope. 


Babnstaple, 

December  5, 1878, 
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PART  I.— INTRODUCTORY. 


ASK  —  SUGAR  —  STARCHES. 

Thebe  are  but  few  substances  inspected  by  the  analyst  in  wliich 
it  is  not  advisable  to  determine  and  examine  the  Ash ;  it  will, 
therefore,  save  repetition  to  give  at  the  outset  the  general  course 
of  procedure.  As  similar  considerations  apply  to  the  chemically- 
allied  substances,  Sugar  and  Starch,  they  will  now  also  be  fully 
treated,  and  to  this  preliminary  chapter  tlie  Reader  is  referred 
for  details  of  processes  mentioned  throughout  the  work. 


I.-AXALYSIS  OF  THE  ASH  OF  ORGANIC  SUBSTANCES. 

§  1.  As  a  genei*al  rule,  testing  the  ash  for  abnormal  metals  and 
alkaline  earths  is  necessary,  and  more  especially  if  the  ash 
present  any  unusual  character,  whether  in  weight,  colour,  or 
solubility.  Leaving  for  the  present  the  special  tests,  the  num- 
ber and  nature  of  the  constituents  which  require  to  be  determined 
for  the  puqjose  of  the  food  analyst,  vary  according  t^  the  par- 
ticular substance  under  examination,  e.  g, — 

In  all  substances,  the  percentage. 

In  such  fluids  as  milk,  tJie  alkaline  pliosphatea  and  tlte  chlorides. 

In  seeds,  such  as  wheat,  cocoa,  4fec.,  the  totol  phosjyhoric  acid. 

In  beer-ash,  the  amount  of  common  salt. 

In  bread-ash,  the  presence  or  absence  of  alumina. 

In  tea-ash,  the  alkalinity^  the  iron,  the  sUictty  and  proportion 
of  soluble  to  insoluble  ash. 

In  coffee-ash^  likewise  the  proportion  of  solublo  to  inaoVvWVft 
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ash,  but  the  presence  or  absence  of  ailica  becomes  also  of  im- 
portance. 

From  these  illustrations  (which  might  be  multiplied)  it  follows 
that,  for  the  purposes  of  the  analyst,  the  general  constitution  of 
the  ash  will  be  sufficiently  known  when  the  following  determina- 
tions have  been  made : — 


(1.)  The  total  percentage  of  ash. 

[2.)  The  total  percentage  of  ash 

[3.)  The  total  percentage  of  ash  soluble  in  acid. 


(2.)  The  total  percentage  of  ash  soluble  in  water. 

i3.)  The  total  percentage  of  aa' 
4.)  The  alkalinity  of  the  ash. 

I' 


5.)  The  percentage  of  chlorine. 

6.)  The  percentage  of  phosphoric  acid. 


(1.)  The  Total  Percentage  of  Ash, — Of  the  various  methods  of 
estimating  an  ash,  the  simplest  and  most  practical  appears  to  be 
— to  place  a  sufficient  quantity  of  the  substance  to  be  burnt  in  a 
capacious  platinum  dish,  and  to  consume  at  the  lowest  possible 
temperature  by  heating  with  a  ring  burner.*  The  quantity  to 
be  taken  is  regulated  by  the  amount  of  ash  in  the  substances. 
For  example,  flour,  containing  only  •?  per  cent  of  ash,  would  give 
with  50  grms.  '35  ash,  which  is  about  as  small  a  quantity  as  it 
is  possible  to  work  wit^  conveniently,  whilst  in  the  case  of  coffee, 
tea,  and  cocoa,  from  5  to  20  grms.  is  for  most  purposes  ample. 

(2.)  The  Soluble  Ash. — The  ash  is  boiled  up  two  or  three  times 
with  water  in  the  same  platinum  dish  ;  filtered,  and  the  filtrate 
evaporated  to  dryness,  heated  to  dull  redness,  and  weighed. 

(3.)  The  Ash  Soluble  in  Acid. — The  portion  of  ash  insoluble  in 
water  is  boiled  up  with  HCl,  and  filtered  from  the  sand ;  the 
latter  is  washed,  dried,  and  weighed. 

(4.)  The  Alkalinity  of  t/ie  Ash, — The  solution  in  water  from  (2) 
is  coloured  with  cochineal,  and  titrated  with  d.  n.  acid  :  the  result 
may  be  usually  expressed  as  potash. 

(5.)  Tl^e  Percentage  of  Chlorine. — The  determination  of  chlorine 
in  the  ash  usually  gives  results  too  low,  especially  if  the  sub- 
stance burnt  is  one  like  bread,  of  difficult  combustion,  or  con- 
taining substances  which  decompose  chlorides  at  a  red  heat. 
Notwithstanding  this  defect,  in  a  series  of  ashes  burnt  under 
similar  circumstances,  the  amount  of  chlorine  found  gives  fair 
comparative  results.     Should  there  be  any  special  necessity  foi* 

*  If  the  solphnnc  acid  in  the  ash  is  not  to  be  determined,  a  wide  glass 
tube  (such  as  the  chimney  of  a  common  paraffin  lamp)  adjusted  over  the 
dish,  by  its  powevfal  iip-draught  greatly  expedites  the  operation ;  but  if 
tht  aidpharie  acid  is  to  be  determii^d,  the  impure  gas  of  commerce  renders 
the  results  too  high.  It  is,  however,  of  course  open  to  the  analyst  to  make 
tbegBBj^aaa  thioi^  »  proper  absorption-apparatus,  or  to  use  as  a  mel,  alcohol. 
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an  aocnrate  determination  of  chlorine,  no  volatilisation  will  occur 
in  the  combustion  of  most  articles  of  food,  if  they  be  not  burnt 
to  a  complete  ash,  and  if  the  charcoal  be  finely  powdered  and 
extracted  with  plenty  of  boiling  water.  The  chlorine  may  be 
determined  gravimetrically  by  nitrate  of  silver,  or  more  con- 
Teniently  by  a  standard  solution  of  nitrate  of  silver,  using  as  an 
indicator  neutral  chromate  of  potash.  Should  alkaline  phosphates 
be  present,  they  must  be  first  removed  by  baryta  water. 

(6.)  The  PhoBphoric  Acid, — The  usual  method  of  determining 
phosphoric  acid  is  to  dissolve  the  ash  in  hydrochloric  acid, 
evaporate  to  dryness,  remove  the  silica,  mix  the  acid  filtrate 
with  ammonia  in  excess,  redissolve  the  precipitated  earthy 
])hosphates  by  acetic  acid,  filter  off  and  estimate  the  insoluble 
}>hosphate  of  iron  (and  alumina,  if  present),  precipitate  the  lime 
with  oxalate  of  ammonia,  and  then  in  the  fluid  (free  from  lime 
Mid  iron)  precipitate  the  phosphoric  acid,  by  the  addition  of 
ammonia  and  magnesian  mixture. 

The  best  method  of  determining  aU  the  constituents  of  an 
ordinary  ash  is,  perhaps,  as  follows : — A  sufficient  quantity  of 
the  ash  (from  5  to  10  grms.)  is  placed  in  a  flask,  about  25  ca  of 
water  added,  and  saturated  with  COgj  the  liquid  is  now 
evaporated  to  dryness,  heated  with  a  small  quantity  of  water  to 
dissolve  the  alkaline  salts — the  solution  is  filtered  through  a 
small  weighed  filter — ^the  filtrate  evaporated  to  dryness,  the 
saline  residue  treated  with  a  small  quantity  of  water,  and  the 
caldum  sulphate  which  separates  out  filtered  through  a  weighed 
filter,  and  estimated ;  the  filtrate  from  this  is  put  in  a  tared  flask, 
made  up  to  any  convenient  weight,  and  divided  into  five  portions 
hy  weight,  viz. — (1.)  For  COg,  determined  volumetrically  by 
passing  the  gas  into  a  solution  of  chloride  of  lime,  and  titrating 
the  resulting  carbonate  with  d.  n.  sulphuric  acid.  (2.)  For  the 
sulphuric  acid,  determined  by  chloride  of  barium.  (3.)  For  the 
phosphoric  acid,  determined  as  magnesian  pyrophosphate.  (4.) 
For  the  chlorine,  by  precipitation  as  silver  chloride.  (5.)  For 
the  alkalies,  by  boiling  in  a  platinum  dish  with  slight  excess  of 
baryta  water,  filtering,  getting  rid  of  the  excess  of  baryta  by 
ammonia  and  ammonium  carbonate,  evaporating  the  filtrate  to 
dryness,  converting  the  alkalies  into  chlorides,  and  determining 
their  rdUitive  proportion  from  their  total  weight  and  their  con- 
tent in  chlorine.  This  completes  the  analysis  of  the  solvhU 
portion  of  the  ash. 

The  insoluble  will  contain  lime,  magnesia,  ferric  oxide,  alumina 
if  present,  silica,  phosphoric,  sulphuric,  and  carbonic  wAda, 

The  main  portion  of  the  iDsoluble  ash  is  diasolved  m  mViWi 
Bcid,  £ved£r>in  silica  in  the  usual  way,  evaporated  agam  to  drj- 
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uess  in  a  porcelain  basin,  dilate  nitric  acid  added  until  the  bases  are 
completely  dissolved,  and  strong  fuming  nitric  acid  added,  until  the 
solution  begins  to  be  turbid  from  the  separation  of  calcic  nitrate. 
The  turbidity  is  now  destroyed  by  a  few  drops  of  dilute  nitric  add, 
the  solution  warmed,  and  tinfoil  added  in  small  portions  at  a 
time,  in  weight  about  equal  to  the  amount  of  ash  taken.  When 
the  tin  is  fully  oxidised,  the  solution  is  evaporated  nearly  to  dry- 
ness, water  is  added,  and  the  solution  filtered ;  the  phosphoric  acid 
is  retained  in  the  precipitate — ^the  bases  are  all  in  the  filtrate. 
The  precipitate  is  dissolved  in  strong  potash  solution,  acidified 
with  sulphuric  acid,  and  freed  from  tin  by  hydric  sulphide,  con- 
centrated to  a  small  bulk,  filtered  if  any  further  sulphide  of  tin 
separates,  and  the  phosphoric  acid  determined  by  magnesia  mix- 
ture and  ammonia.* 

The  filtrate  from  the  tin  phosphate  must  be  freed  from  lead 
(if  the  tin  originally  contained  lead)  by  hydric  sulphide,  con- 
centrated, the  iron  and  alumina  separated  and  determined  by 
ammonia,  the  manganese  separated  as  binoxide  by  bromine- 
water,  the  lime  by  oxalate  of  ammonia  as  oxalate,  and  the  mag- 
nesia determined  in  the  usual  way  as  pyrophosi)hate. 

A  weighed  portion  of  the  insoluble  ash  must  also  be  taken 
for  the  carbon  dioxide,  sulphuric  acid,  and  sand.  The  carbon 
dioxide  may  be  determined  in  a  Geissler's  carbonic  acid  flask, 
using  HCl  as  the  decomposing  agent,  and  the  two  remaining 
constituents  may  be  estimated  in  the  resulting  solution. 

The  process  just  given  is  not  quite  accurate  with  regard  to  tlie 
estimation  of  the  alkalies ;  for  Bungef  has  shown  that  since  the 
alkalies  form  insoluble  compounds  with  the  alkaline  earths,  a 
watery  extract  of  the  ash  gives  low  results.  For  example,  Bunge 
incinerated  300  cc.  of  cows'  milk ;  from  a  watery  extract  of  the 
ash  he  obtained 

KoO  -0430,  KaoO  -0700 ; 

while  from  a  subsequent  nitric  acid  extract  of  the  same  ash, 

KoO  -0937,  Na20  0-11G2. 

If  chlorides  of  the  alkalies  be  heated  with  tribasic  phosphate 
of  lime,  the  soda  is  specially  likely  to  combine  with  the  lime  in 
insoluble  combination — in  far  less  proportion  the  potash. 

Bunge  recommends  the  following  method : — The  watery  ex- 
tract is  decomposed  with  baryta  water  until  a  film  forms  on  the 
surface  of  the  solution,  the  mixture  is  warmed  and  filtered  hot. 
The  excess  of  baryta  is  got  rid  of  by  COg,  subsequent  warming, 
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and  filtration ;  the  filtrate  is  evaporated  in  a  platinum  dish,  the 
residue  gently  ignited,  dissolved  in  a  little  water,  filtered  through 
a  small  filter,  and  evaporated  with  HCl  in  a  small  platinum 
dish.  The  chlorides  are  then  ignited,  weighed,  and  separated  by 
platin  chloride. 

The  hydrochloric  or  nitric  solution  of  the  insoluble  portion  of 
the  ash  is  evaporated  to  dryness  in  a  platinum  dish,  the  residue 
again  dissolved  in  a  little  of  the  acid  and  water,  treated  like  the 
former  with  baiyta  water,  and  filtered  hot.  Ammonia  and  car- 
))onate  of  ammonia  are  now  added,  the  liquid  filtered,  and  the 
nitrate  evaporated  in  a  platinum  dish,  and  ignited  at  the  lowest 
possible  temperature.  The  residue  still  containing  a  trace  of 
alkaline  earth,  is  extracted  with  water,  evaporated  with  oxalic 
acid,  ignited  again,  taken  up  with  water,  filtered,  evaporated  in 
a  small  platinum  dish,  ignited  again,  dissolved  in  a  little  water, 
and  lastly  evaporated  with  HCl,  and  the  alkaline  salts  separated 
by  bichloride  of  platinum. 


II.-EST1MATI0N  OF  SUGAR. 

§  2.  Sugar  is  estimated  by  chemical  processes,  by  the  specific 
gravity  of  the  solution,  by  the  estimation  of  the  COg  evolved  in 
alcoholic  fermentation,  and  by  certain  physical  processes. 

It  is  only  possible  to  estimate  percentages  of  sugar  (especially 
cane  sugar)  from  the  specific  gravity  of  the  solution  when  the 
fairly  pure  sugar  is  disitolved  in  pure  water,  so  that  this  method 
is  of  but  limited  utility,  and  seldom  employed  by  the  analyst. 
The  fermentation  process  is  too  tedious  and  inconvenient  ever 
to  come  into  general  practice,  and  will  therefore  not  be 
described. 

(1.)  Chemical  Processes  depending  upon  the  Precipitation  of  the 
Suboxide  of  Copper  from  a  Copper  Solution  by  Grape  Sugar  > 

The  most  general  of  the  numerous  processes  under  this  head 
is  that  of  Fehling,  which  requires  a  solution  of  cupiic  sulphate 
and  Kochelle  salt,  alkalised  by  soda.  34*64  grms.  of  pure  crystal- 
lised cupric  sulphate,  previously  powdered,  and  pressed  between 
blotting-paper,  are  dissolved  in  200  cc.  of  distilled  water;  174  grms. 
of  Rochelle  salt  are  dissolved  in  400  cc.  of  a  solution  of  pure  caustic 
soda,  specific  gravity  1*14 ;  the  two  solutions  are  now  mix^d  ^^sid. 
made  up  to  1  liti*a  Each  cc,  of  the  solution  represents  &  m^tTtv^. 
^  anifdroas  grape  sugar,  ,7'46  mgrms.  of  milk  sugar,  •Q'i^^^^ 
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grm.  of  cupric  sulphate,  and  *01103  grm.  of  CuO.  The  liquid 
should  be  preserved  in  bottles  protected  from  the  light,  and 
absorption  of  carbon  dioxide  from  the  air  should  be  provided 
against. 

On  account  of  the  slight  instability  of  this  solution,  A.  Soldaini 
has  proposed  the  following: — 416  grms.  of  potassium  bicar- 
bonate, 15  grms.  of  dry  basic  cupric  carbonate,  and  1,400  grms.  of 
distilled  water  are  heated  together,  the  liquid  being  continually 
replaced;  when  the  evolution  of  OO^  has  nearly  ceased,  the 
liquid  is  made  up  to  its  original  volume  with  water,  filtered,  and 
concentrated  down  to  800  cc.  Such  a  solution  is  not  reduced  by 
light  or  the  carbonic  dioxide  of  the  aii* :  it  is  unaltered  by  pro- 
longed boiling,  and  may  even  be  evaporated  to  dryness  without 
decomposition.  It  is  insduced  by  formic  acid,  laeoulose,  glucose, 
and  lactose,  and  can  be  used  for  quantitative  purposes  in  the 
same  way  as  Fehling's. 

In  either  case  a  known  volume  of  the  copper  solution  {e,g.y 
10  cc.  of  copper  solution  with  40  cc.  of  water)  is  placed  in  a  white 
porcelain  dish,  heated  to  boiling,  and  the  liquid  to  bo  examined 
(which  must  be  so  diluted  as  not  to  contain  more  than  1  per  cent,  of 
sugar)  run  into  it  from  a  burette,  until  the  whole  of  the  copper 
is  separated  as  suboxide,  as  shown  by  the  absence  of  blue  colour. 
By  allowing  the  precipitate  to  settle  from  time  to  time,  the  least 
trace,  of  blue  colour  can  be  seen  by  inclining  the  dish,  or  if  there 
be  any  uncertainty,  a  little  can  be  filtered  ofi'and  tested. 

It  is  best  in  all  cases  to  standardise  the  solution  by  grape 
sugar,  or  if  milk  is  the  object  of  research,  by  milk  sugar,  the 
latter  reducing  the  copper  solution  in  a  different  proportion. 
Cane  sugar  cannot  be  estimated  in  this  way,  since  it  does  not 
reduce  copper  solution ;  by  boiling  with  dilute  acid  it  is,  how- 
ever, changed  to  inverted  sugar,  which  reduces  copper  or  mercury 
in  exactly  the  same  proportion  as  glucose. 

Starch  and  starchy  substances  may  be  also  changed  into  sugar 
by  boiling  for  several  hours  with  a  dilute  acid.  The  following  is 
a  convenient  method: — Two  or  three  strong  assay  flasks  are 
taken,  and  in  each  is  placed  from  '5  to  1  grm.  of  the  substance 
to  be  examined,  with  50  to  60  cc.  of  decinormal  sulphuric  acid; 
the  flasks  are  stoppered  with  caoutchouc  corks,  tied  down  with 
strong  string,  and  capped  with  linen  or  canvas,  and  the  whole 
suspended  in  a  water  bath  and  heated  for  from  six  to  eight  hours. 
At  the  end  of  four  hours  one  of  the  flasks  may  be  taken  out, 
cooled,  opened,  and  titrated;  and  at  the  end  of  six  hours  the 
second.  If  there  is  no  marked  increase  in  the  amount  of  sugar 
between  the  £jrat  and  the  second,  the  operation  is  finished ;  but 
la  any  other  case  the  third  flask  slioutd  'Vie  \ve«A.e^  lot  ^x^oOx^r 
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four  hours  before  being  examined.  100  parts  of  grape  sugar 
=  90  of  starch,  therefore  each  cc.  of  Fehling's  solution  equals 
4'5  mgrms.  of  starch. 

(2.)  Volumetric  Froceases  by  the  aid  of  SoltUions  of  certain  Salts  ^ 

of  Mercury. 

Knapp's  mercuric  cyanide  solution  is  made  by  dissolving  10 
grma.  of  mercuric  cyanide  in  about  600  cc.  of  water,  then  adding 
100  cc.  of  caustic  soda  solution  of  specific  gravity  1  -145,  and  dilut- 
ing to  1  litre.  40  cc.  of  the  mercury  solution  are  placed  in  a  flask, 
heated  to  boiling,  and  the  solution  containing  sugar  run  in 
gradually  from  a  burette,  four  parts  of  mercuric  cyanide  being 
reduced  to  metallic  mercury  for  every  one  part  of  anhydrous  grape 
sugar  (or,  3*174  parts  of  metallic  mercury  =  1  anhydrous  grape 
sugar).  The  ending  of  the  process  is  discovered  by  moistening 
filter-paper  with  the  clear  solution,  and  holding  quite  close  to  it 
a  rod  dipped  in  ammonium  sulphide  solution ;  a  decided  brown 
coloration  takes  place  if  the  mercury  salt  is  in  excess ;  but  if  the 
colour  is  very  famt,  the  operation  is  finished,  for  it  appears  to  be 
impossible  to  decompose  the  whole  salt,  a  trace  always  remaining, 
and  for  this  reason  the  solution  should  be  standardised  with 
SQgar. 

A.  Sacchse  uses  the  following  solution  for  the  estimation  of  sugar: 
— 18  grms.  of  pure  dry  mercuric  iodide,  and  25  grms.  of  potassic 
iodide  are  dissolved  in  water,  a  solution  of  80  grms.  of  caustic 
potash  L^  added,  and  the  whole  made  up  to  1  litre.  40  cc.  of  this 
solution  [=  0*72  grm.  HglJ  are  boiled  in  a  basin,  and  the  solu- 
tion of  grape  sugar  is  run  in,  until  the  whole  of  the  mercury  is 
precipitated.  The  final  point  is  determined  by  spotting  a  drop 
of  the  supernatant  liquid  on  a  white  slab,  and  there  bringing  it 
into  contact  with  a  drop  of  a  strongly  alkaline  solution  of 
stannous  chloride.  The  production  of  a  brown  colour  shows  the 
presence  of  unprecipitated  mercury. 

According  to  the  author,  this  mercury  solution  acts  in  different 
ways  toward  inverted  and  grape  sugar,  whilst  Fehling*s  solution 
has  the  same  action  on  both.  Hence  by  standardising  the  pre- 
pared mercury  solution  against  grape  sugar,  and  also  against 
inverted  sugar,  and  testing  solutions  of  a  mixed  sugar  under 
investigation  both  by  Fehling's  and  by  the  mercury  solution,  it 
is  possible  by  calculations,  on  the  principles  of  indirect  analysis, 
to  determine  the  relative  proportions  of  grape  and  inverted 
sugar  simultaneously  present  in  a  liquid. 

The  above  processes  (and  more  especially  the  copp^Y  ou^i^"^  oxjX'^ 
succeed MtisfactorUjr  when  the  liquid  to  be  tested  \a  \»i'eUy  \NeW 
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devoid  of  colour.  From  certain  very  thick  liquids  it  is  best  to 
•extract  the  sugar  by  dialysis ;  but  wines,  beers,  and  similar  fluids 
may  be  clarified  by  sugar  of  lead,  or  by  adding  a  little  milk  of 
lime,  and  subsequent  filtration  through  animal  charcoaL 


(3.)  Gravimetric  Processes. 

The  gravimetric  processes  are,  upon  the  whole,  more  accurate 
than  the  volumetric,  and  more  generally  applicable.  One  of 
the  best  is  that  recently  recommended  by  Dr.  Pavy  : — ^The 
ordinary  Fehling^s  solution  is  boiled  in  slight  excess  with 
the  substance  containing  glucose  or  lactose,  the  precipitate  of 
suboxide  of  copper  immediately  collected  on  a  Alter  made  by 
packing  the  throat  of  a  funnel  with  glass  wool,  the  suboxide  of 
copper  dissolved  by  a  little  peroxide  of  hydrogen  and  a  drop  of 
nitric  acid  j  and  lastly,  the  copper  deposited  as  copper  on  a  tared 
l)iece  of  platinum  foil  by  electrolysis,  and  weighed.  The  amount  of 
copper  found,  multiplied  by  -5678,  gives  its  equivalent  in  glucose. 
Dr.  Pavy  recommends  for  the  electrolysis  the  use  of  a  constant 
battery,  consisting  of  an  outer  cell  charged  with  bichromate  of 
potash  dissolved  to  saturation  in  dilute  sulphuric  acid,  an  inner 
porous  cell  containing  a  little  mercury  at  the  bottom  and  filled 
up  with  water,  and  having  in  its  centre  an  amalgamated  zinc  rod 
dipping  into  the  mercury.  In  the  outer  cell  are  two  carbon  plates. 
However,  any  other  battery  will  do,  or  an  ordinary  platinum 
dish  may  bo  coated  with  the  copper,  as  described  in  the  article 
on  the  estimation  of  Copper.  The  method  is  also  applicable  to 
the  mercury  processes  just  detailed,  and  either  the  excess  of 
mercury  cyanide  in  a  solution,  or  the  precipitated  mercury,  can 
be  collected  on  gold  foil  or  gold  capsules. 

It  is  also  evident  that  the  copper  suboxide,  instead  of  being 
weighed  as  copper  or  oxide,  can  be  collected,  washed,  redis- 
solved,  and  estimated  volumetrically.  One  of  the  best  methods 
under  these  particular  circumstances  is  to  collect  as  before  on 
^lass  wool,  dissolve,  by  the  aid  of  a  gentle  heat,  in  a  solution  of 
pure  ferric  chloride  with  the  addition  of  a  little  sulphuric  acid, 
and  then  titrate  the  solution  of  cuprous  chloride  by  a  previously 
standardised  solution  of  permanganate  of  potasli. 


(4.)  Physical  Processes  for  the  Determination  of  Sugar. 

The  saccharimeters  in  use  are  numerous,  but  those  only  of  Mit* 

soherJjch,  Soleil,  and  Jellett  will  be  described  here.    The  polarising 

Uistrament  of  3fitscherlich  is  extremeVy  6m\^\^.    V^^^  'S\^,  \.\ 
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It  consists  of  a  stationary  Nicol's  prism  in  a,  a  plano-convex  lens 
in  b,  and  a  rotating  Nicol's  prism  c.  The  first  prism  polarises 
the  light,  and  the  use  of  the  second  is  to  indicate  the  plane  of 
the  polarised  ray  coming  from  the  first.  The  second  prism  is 
therefore  set  in  a  graduated  circle  dd,  and  is  provided  with  [an 
index  yj  and  there  is  a  handle  e,  whicli  turns  both  prism  and 
index.  If  the  index  be  either 
at  0°  or  180°,  and  an  observer 
look  through  the  tubes 
towards  the  source  of  light, 
the  flame  is  seen  divided  by 
a  vertical  line  into  two  equal 
parts;  if  now  the  tube,  sup- 
plied with  the  instrument, 
be  filled  with  the  liquid  to 
be  examined,  and  interposed 
between  the  lens  and  the 
second  prism,  should  it  con- 
tain sugar  or  other  polarising 
substance,  the  black  stripe 
is  no  longer  in  the  middle  of 
the  field,  and  the  handle 
moving  the  index  and  prism 
must  be  turned  until  the 
black  stripe  is  seen ;  or,  if  the 
stripe  is  broad  and  undefined, 
the  prism  is  turned  until  the 


Fig.  1. 


exact  point  is  reached  in  which  blue  changes  into  red — the 
index  at  this  point  marking  the  amount  of  the  polarisation  by 
the  scale  and  the  direction ;  for  if  the  index  has  to  be  turned  to 
the  right,  the  polarisation  is  + ,  or  right-handed ;  if  to  the  left  - , 
or  left-handed. 

In  order  to  make  this  quantitative,  and  to  estimate  the  specific 
roiationoi  a  sugar  (t.6.,  the  number  of  degrees  of  rotation  observed 
when  1  grm.  of  the  sugar  is  dissolved  in  1  cc.  of  fluid,  and  observed 
by  yellow  light  through  a  tube  1  decimetre  long),  it  is  necessary 
to  dissolve  a  known  weight  of  the  pure  sugar  in  water ;  then  if  the 
length  of  the  tube  be  known,  and  the  temperature  of  the  solution 
and  the  rotation  be  observed,  all  the  necessary  data  are  obtained. 
For  example,  let  the  rotation  =  a,  the  length  of  the  tube  in 
decimetres  =  1,  the  weight  of  substance  in  1  cc.  of  fluid  =  jp, 
then  the  specific  rotation  for  yellow  light — 


_  ± 


a 


yi 


or  («)j  =  ±   -- 
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the  sign  {a)j  being  in  use,  signifying  yellow  lixht.  « Or,  to  take 
an  actnal  example:  14*3  grms.  of  a  substance  dmol^ad  in  100  co. 
(*143  grm.  in  each  cc.),  and  a  2  decimetre  long  tube  filled  -with 
this  liquid,  the  rotation  on  the  scale  being  16^  to  the  right,  then 

07U3-2   "   ^^^*' 

and  55*94  is  the  specific  rotation.  The  best  source  of  light  for 
accurate  researches  is  a  Biinscn  burner,  in  the  middle  of  which 
there  is  a  little  pellet  of  sodium  held  on  a  wira  This  source  of 
light  in  formulae  is  usually  indicated  by  (a)j^ 

Provided  there  be  only  one  sugar  in  the  fluid  under  investiga- 
tion, the  specific  rotation  of  which  is  known,  the  weight  of  the 
sugar  in  1  cc.  of  the  fluid  is  estimated  by  the  following  formula : 

P  =  — — ,  where  a  equals  the  observed,  and  (a)  the  specific 

(a)  1 

rotation. 

SolelVs  Saccharimeter. 

'"  Solcirs  saccharimeter  (See  Plate)  consists  of  three  essential 
parts,  two  of  wliich  are  fixed  (Fig.  1),  AB  and  CD,  the  other 
movable,  which  is  inserted  between  B  and  C,  and  which  is  some- 
times the  tube  BC  20  centimetres  long  (Fig.  2),  and  sometimes 
the  tube  B'C  (Fig.  3),  22  centimetres  long,  furnished  with  a 
thermometer,  T.  These  tubes  are  destined  to  contain  the 
saccharine  solutions,  the  value  of  which  is  to  bo  determined. 

The  movable  parts  are — 

(1.)  The  small  movable  tube  D'D  (Fig.  1),  carrying  the  eye- 
piece, wliich  focuses  by  drawing  in  and  out. 

(2.)  The  little  button  V  (Fig.  4),  serves  to  adjust  the  zero  of 
the  scale  with  the  zero  of  the  indicator. 

(3.)  The  large  milled  screwhead  on  the  vertical  axis  H  (Fig.  1), 
by  which  is  renderiKl  uniforai  the  tint  observed. 

(4.)  The  milled  ring  B  (Figs.  1  and  2),  by  the  aid  of  which 
they  givo  to  this  same  tint  the  colour  which  lends  itself  best  to 
a  precise  valuation. 

(5.)  Lastly,  the  divided  scale  RR  (Fig.  4),  on  wliich  is  read  the 
number  giving  the  richneiss  of  the  sugar" under  examination. 

Tlie  details  of  operating  are  as  follows: — The  lamp  is  adjusted 
so  that  its  light  traverses  the  axis.  A  tube  similar  to  that 
which  contains  the  saccharine  solution  is  filled  with  pure  water, 
and  is  adjusted  in  the  place  provided  for  it  between  the  ocular  and 
objoctive  portion.  Then  ap\)lying  the  eye  at  D  (Fig.  1),  the  tube 
DD"  is  cither  pushed  out  or  in,  until  tYvoi  ^^\4  \s»  ^vi^\i  (LviYdftd 
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into  two  equal  halves,  coloured  with  -one  and  the  same  tint,  or 
two  different  tuats  separated  from  each  other  by  a  black  line, 
▼hich  should  hff'r^  sharply  defined.  If,  as  generally  happe^ 
the  two  half-dlsGi  have  not  the  same  tint  or  shade,  the  lai^ 
horizontal  button  H  is  turned  either  way  until  the  desired  result 
ii  obtained. 

It  is  not  only  necessary  that  the  two  half-discs  should  hswe 
the  same  tint  or  colour,  but  in  order  to  be  extremely  exact,  that 
tint  should  be  the  one  moat  sensible  to  the  eye  of  the  observer  ; 
and  as  all  eyes  are  not  equally  sensible  to  the  same  tint,  the 
proper  colour  mtrft  be  found  by  experiment. 

The  zero  line  on  the  scale  must  coincide  exactly  with  the  blapk 
line  of  the  indicator  I  (Fig.  4).  If  the  coincidence  is  not  perfect, 
it  may  be  estabHAied  by  turning  either  way  the  little  button 
Y  until  this  i».flB6omplished. 

The  instrument  once  adjusted,  the  examination  of  the  sugar 
may  be  commenced. 

The  tube  BC,  filled  with  the  saccharine  solution,  is  substitiited 
for  that  filled  witli  water,  or  if  an  inverted  sugar  is  taken,  then 
B'C  is  filled.  On  now  looking  through  the  instrument,  it  is 
seen  that  uniformity  of  tint  no  longer  exists,  and  that  the  two 
half-discs  are  coloured  by  difierent  shades.  The  uniformity  is 
re-established  by  turning  the  large  horizontal  button  H  until 
the  two  haU>discs  are  again  uniform. 

As  the  saccharine  solution  is  mostly  coloured,  the  uniform 
tint  re-established  is  not  in  genei'al  the  sensible  tint,  to  whicli, 
however,  it  is  necessary  to  return,  and  which  the  colour  of  the 
solution  has  caused  to  disappear.  The  milled  head  B  is  then 
turned  to  cause  the  sensible  tint  to  reappear;  this  tint  returned, 
the  equality  of  shade  of  the  two  half-discs,  if  not  quite  perfect, 
must  be  made  so  by  turning  ap;ain  H.  It  now  only  remains  to 
read  the  degree  on  the  scale  Illi',  to  which  the  index  auswera; 
the  number  corresponding  to  this  degree  gives  immediat(?Iy  iu 
lOOths  the  tUre,  or  the  richness  of  the  solution. 

The  preparation  of  the  saccharine  solutions  is  as  follows  : — 

(1.)  Normal  sdutimis  of  pure  sugar, — 16*350  gnns.  of  pure 
sugar  are  diBBolved  in  water,  the  volume  made  up  to  100  cc,  and 
observed  in  a  tube  20  cms.  in  length ;  marks  100  degrees  on  the 
saccharimeter. 

(2.)  TJie  raw  sugar  of  commerce, — 10*350  grms.  of  the  sugar 
are  powdered  and  dissolved  in  water,  and  the  whole  made  up  to 
100  cc.;  if  the  solution  is  too  dark,  it  may  be  clarified  by  sugar 
of  lead.  The  tube  BC  is  filled  with  the  solution  thus  prepared 
and  adjusted. 

(3.)  The  nejr^  operation  is  to  invert  the  sugar.     i>  cc.  o^  i\mv 
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ing  HCl  are  added  to  50  cc.  of  the  sugar  solution,  and  heated  in 
the  water  bath  up  to  68^0. ;  when  that  temperature  is  reached, 
the  solution  is  put  in  the  tube  B'C,  its  rotating  power  (which 
is  now  inverse)  observed,  and  at  the  same  time  the  temperature 
at  the  moment  of  the  observation. 

We  have  now  all  the  data  necessary,  and  the  amount  of  sugar 
may  be  readily  found  by  tables,  such  as  those  of  M.  Clerget,  or 
by  the  formula  as  below. 

Supposing  the  number  given  by  the  first  observation  is  75,  by 
the  second  (inverted)  21,  at  a  temperature  of  12^0.,  the  sum  of 
the  two  numbers  (75  +  21)  makes  9G.  Now,  in  referring  to 
M.  Clerget's  table,  under  12^,  or  in  the  third  column  corre- 
sponding to  the  temperature  of  12^,  the  nearest  number  to  96^ 
is  in  this  instance  95*6;  the  horizontal  line  in  which  95*6  is 
placed  is  followed,  and  there  is  found,  first,  in  the  column  A  the 
figures  70  per  cent,  of  pure  crystalline  sugar;  secondly,  in  the 
column  B,  the  figures  11445,  placed  by  the  side  of  70,  which 
indicates  that  the  saccharine  solution  examined  contains  per  litre 
114*45  grms  of  pure  sugar.  If,  however,  as  sometimes  happens, 
the  solution  contains  a  polarising  substance  not  modified  by 
acids,  in  such  a  case  the  difierencc  of  the  two  numbers,  and  not 
the  sum,  is  to  be  taken  and  dealt  with  as  before.  It  is  scarcely 
necessary  to  remark,  that  if  the  substance  is  known  to  contain 
only  crystallisable  sugar,  and  the  tube  BC  be  filled,  one  observa- 
tion alone  suffices. 

If  tables  are  not  at  hand,  tlie  following  formula  can  be  used: — 
Lot  T  be  the  temperature,  S  the  sum  or  difierence  of  the  two 
determinations,  P  the  rotatory  power,  B  the  quantity  of  sugar 
contained  in  1  litre  of  the  solution — 

^  200S  ,,        P    X    lG-350 

Professor  Jdktt^s  instrument  is  a  little  more  elaborate  than 
Soleil's,  and  of  gi*eat  accuracy.  The  eye-piece  or  analyser  of  the 
apparatus  consists  of  a  suitably  mounted  prism,  made  from  a 
rlioiiibic  prism  of  Iceland  spar.  The  rhombic  prism  is  cut  by 
two  ])lanes  pcrj)ondicular  to  the  longitudinal  edges,  so  as  to  form 
a  right  prism.  The  prism  is  next  divided  by  a  piano  parallel  to 
the  edge  just  produced,  and  making  a  small  angle  with  the  longer 
diagonal  of  the  base.  One  of  the  two  parts  into  which  the  prism 
is  thus  divided  is  then  reversed,  so  as  to  place  the  base  upper- 
most, and  the  two  parts  are  connected  together. 

Another  distinctive  feature  of  the   instrument  is,  that  the 

inechamcai  rotation  of  the  analyser  for  the  finding  of  any  par- 

ticular plane  is  dispensed  with,  this  function  being  transferred 
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to  a  fluid  which  has  the  power  of  turning  the  plane  of  polaris*- 
tion  opposite  to  that  of  the  solution  to  be  examined.  The 
analjaing  tube  slips  into,  and  moves  up  and  down  in,  the  com- 
pensatii^  fluid,  so  that  difiere&t  thicknesses  of  the  latter  fluid 
can  be  readily  interposed  and  measured  by  a  scale  fixed  to  the 
instroment. 

The  Saechafimetre  li  Penombrea,  of  which  the  principle  was 
enunciated  by  M.  Jellet,  as  constructed  by  M.  Duboscq,  has 
some  very  great  advantages.  It  requires  the  employment  of  a 
simple  light,  and  the  field  does  not  present  to  the  eye  for  com- 
parison two  diflerent  colours,  but  two  intensities  sensibly  diverse 
of  one  and  the  same  colour,  so  that  the  least  variation  can  be 
appreciated.  The  simple  light  is  best  obtained  by  the  insertion 
of  a  bead  of  some  salt  of  soda  on  a  platinum  wire  in  the  flame  of 
%  Bunsen  burner. 


III.~STARCH,  CeHjoO^. 

§  3.  It  is  convenient  to  consider  the  starches  together,  more 
especially  as,  however  varied  in  form,  the  chemical  composition 
of  all  starch  is  very  similar,  if  not  identical. 

Every  starch  corpuscle  is  composed  of  at  least  two  probably 
isomeric  bodies,  the  one  "  grajiulose,*^  soluble  in  saliva,  and 
coloured  blue  by  iodine :  the  other  coloured  by  iodine  pale 
yellow,  and  only  becoming  blue  after  the  addition  of  sulphuric 
add ;  it  is  fully  soluble  in  ammoniacal  oxide  of  copper,  and 
appears  to  agree  very  closely  with  tlie  characters  of  cellulose. 

These  two  substances  may  be  most  readily  separated  by 
diluted  chromic  acid,  which  dissolves  granulose  very  easily, 
whilst  cellulose  remains  unaltered.  All  starch  is  very  hygro- 
scopic;  wheat  starch,  dried  in  a  vacuum,  still  contains  11  per 
cent,  of  water,  and  air-dried  from  IG  to  28  per  cent,  of  water. 
Starch  is  insoluble  in  cold  water  or  spirit.  Some  chemists, 
indeed,  assert  that  if  finely  powdered  in  agate  mortars,  or  with 
quartz  sand,  a  small  portion  dissolves  ;  others  contend  that  this 
is  no  true  solution,  but  the  starchy  matter  in  a  state  of  most 
minute  division.  If  warmed  with  watei*,  the  starch  granules 
swell,  and  when  heated  up  to  100°  most  starches  form  a  semi- 
solution  in  water.  Tnie  compounds  of  starch  with  bases  are 
scarcely  established.  Lime  and  baryta  appear  to  form  weak 
unions,  and  the  intense  colour  produced  by  iodine,  tvv\  \veW  «b^ 
bromine^  seems  to  point  to  the  forniation   of  \\a\o\vV  cotcW^tl^ 
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tions.  Fiitsche,  indeed,  states  that  he  has  isolated  the  iodide 
and  the  bromide  of  starch,  the  former  containing  ten  eqiuTalentB 
of  starch  and  one  of  iodine. 

Starch  heated  in  closed  tubes  up  to  lOO^C.  changes  gradualljinto 
soluble  starch.  If  the  temperature  is  raised  up  to  160°  or  200°C. 
it  forms  a  transparent  mass,  consisting  wholly  of  dextrine.  At 
220°  to  280°  still  further  change  is  produced,  and  the  restdt  is 
pt/rodextrin,  a  substance  easily  soluble  in  water  (but  insoluble 
in  absolute  alcohol  and  ether),  and  with  the  composition  of 
C^HsqOoqHO.  At  still  higher  temperatures  there  is  carbonisar 
tion,  ana  the  formation  of  products  similar  to  those  caused  by 
the  decomposition  of  sugar. 

Stai*ch  is  easily  chamred  into  sugar  by  the  action  <^  dilate 
mineral  acids,  asieiT^  oxaUc  ^  aqUus  chloride  of  dnc, 
and  by  certain  ferments — diastase,  saliva,  yeast,  &e. 

The  estimation  of  starch  in  organic  bodies  generally  is  best 
carried  out  as  follows: — The  powdered  and  dried  substance  is 
heated  in  a  5  per  cent,  solution  of  caustic  potash  in  absolute 
alcohol,  in  a  closed  tube  in  the  water-bath  for  twenty-four  hours, 
and  filtered  while  hot.  The  residue  is  washed  first  with  absolute 
alcohol,  and  then  with  ordinary  alcohol,  dried,  and  heated  with 
a  solution  of  2  per  cent,  hydrochloric  acid,  in  a  flask  fitted  to  a 
vertical  condenser,  until  a  blue  colour  is  no  longer  produced 
by  iodine.  (Sec  also  p.  8.)  The  sugar  is  then  estimated  in  the 
ordinary  way. 

Microscopical  Identification  of  Starches, 

The  successful  microscopical  examinatiou  of  starches  requires 
practical  study,  and  those  who  desire  to  identify  them  must  use 
all  drawings  and  descriptions  as  guides  merely.  It  is  not  easy 
to  preserve  starches  mounted  as  microscopical  objects,*  and  the 
analyst  is  therefore  recommended  to  fit  up  a  little  case,  in  small, 
wide  specimen- tubes,  so  that  he  can  have  at  hand  a  sample 
of  every  kind  of  starch  possible  to  be  obtained.  These  samples 
should  be  arranged  in  the  five  classes  recently  described  by  Dr. 
Muter,t  a  method  which  is  strictly  followed  in  this  work. 

A  high  magnifying  power  is  not  required,  save  for  the  very 
minute  starches,  such  as  rice  and  pepper.  For  ordinary  work  a 
magnifying  power  of  250  diameters  is  ample.  Dr.  Muter*s  classi- 
fication of  starches  was  founded  on  observations  with  a  B. 
micrometer  eye-piece  and  a  -f*^  inch  power. 

The  value  of  the  divisions  of  the  eye-piece  micrometer  in  use 

According  to  Muter,  a  inoanting  medium  of  1  part  of  glycerine  to  2  of 
water  preserves  the  characters  of  starch  longest. 
t  "Organic  Materia  Medica."    London,  1878, 
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must  of  course  be  first  obtained.  This  is  easily  done  by  com- 
paring a  stage  micrometer,  graduated  in  ])arts  of  an  inch  or  a 
millimetre,  with  the  micrometer.  Thus,  for  example,  supposing 
23  main  divisions  equal  '01  of  an  inch,  then  each  division  equals 
'^^  =  -0004  inch  for  the  particular  power  in  use;  for  it  is  scarcely 
necessary  to  say  that  the  values  differ  for  each  power,  and  the 
observer  should  fix  a  card  in  his  microscope-table,  with  the  exact 
values  of  his  microscopic  scale  with  different  eye-pieces  and 
object  glasses.  It  is  also  by  no  means  useless  to  observe  the 
various  samples  of  starch,  and  make  tables  of  their  dimensions. 
The  proper  way  to  do  this  is  to  put  the  smallest  possible  quantity 
of  the  well-mixed  starch  on  a  glass  slide,  add  a  droplet  of  dis- 
tilled water,  cover  with  a  thin  glass,  take  the  exact  size  of  all 
the  starches  in  the  field,  enumerate  them,  and  work  them  out 
into  percentages  for  future  reference. 

The  illumination  of  starches  is  to  be  particularly  attended  to. 
The  light  must  strike  obliquely  through  the  granules,  in  order 
to  observe  the  rings,  which  are  by  no  means  so  easily  seen  as 
diagrams  would  indicate. 

Polarised  light  is  also  useful,  especially  in  the  diagnosis  of 
certain  starches.  Thus,  the  polarised  starch  of  wheat,  when 
examined  in  water,  exhibits  a  dull  cross ;  that  of  jalap,  in  shape 
and  size  like  wheat,  polarises  brightly. 

If  adulteration  in  any  case  has  been  made  out,  approxima- 
tive quantitative  results  may  be  obtained  by  making  a  standard 
mixture  of  the  genuine  starch  with  the  adulterant  found,  and 
then  counting  the  individual  grains  in  the  microscopic  field. 
Thus,  for  example,  supposing  oatmeal  to  be  found  adulterated 
with  barley-starch,  and  from  a  preliminary  examination  the 
mixture  supposed  to  be  40  per  cent.,  we  proceed  as  follows  : — 

Pure  barleymeal  and  oatmeal  are  carefully  dried  at  100°C.  and 
mixed  so  that  the  mixture  is  exactly  40  per  cent.  A  few  grains 
of  this  powder  are  now  rubbed  up  with  glycerine  and  alcohol 
into  a  smooth  paste,  which  is  then  further  diluted  to  a  cei*tain 
hulk,  a  drop  taken  out  with  a  glass  rod,  and  covered  with  a 
glass,  which  is  gently  pressed  down.  The  number  of  grains  of 
Irtirley  and  oat  starch  are  now  counted,  and  their  relative  pro- 
jwrtion  noted,  and  an  exactly  similar  process  is  applied  to  the 
oatmeal  in  question.*  If  proper  care  be  taken  to  repeat  tho 
experiments,  the  result  is  a  near  approximation  to  the  truth. 

*  See  a  paper  by  E.  L.  Cleaver,  F.C.S. ,  Analyst,  January  31,  1877. 
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Class  I. — The  hilum  and  concentric  rings  dearly  vMbU,  aU  tlte 
starches  oval  or  oixUe,  The  group  includes  tous  les  mois,  potcUo^ 
arrowrooty  calumba,  orrisroot,  ginger,  gakmgal,  and  hurmeric. 

Tous  les  mois,  or  Canna  arrowroot,  is  furnished  by  the  Canna 
edulisy  nat.  order  Ma/rantaceoe,  The  granules  vary  in  diameter 
from  0939  to  -0469  mm.  [00370  to  -00185  inch].  They  present 
themselves  under  several  forms,  the  smaller  being  granular  or 
ovoid,  the  larger  pyriform,  whilst  the  largest  granules  are  flat, 
oval,  and  pointed  at  their  extremities.  The  hilum  is  annular, 
eccentric,  the  rings  are  incomplete,  extremely  fine,  narrow,  and 
regular.  The  starch  dissolves  easily  in  boiling  water ;  solution 
of  potash  causes  the  granules  to  swell  rapidly,  and  gives  to  the 
hilum  and  lines  remarkable  clearness. 

Tous  les  mois  can  only  be  confused  with  the  potato ;  the  size 
is  the  chief  distinction.  The  granules  burst  in  water  at  72^0.^ 
and  they  give  a  more  regular  cross  when  examined  by  polarised 
light  than  those  of  the  potato. 

Curcuma  arrowroot,  which  is  also  called  Blast  Indian  (though 
the  arrowroot  ordinarily  sold  as  East  Indian  is  a  Maranta),  is 
furnished  by  the  Cv/rcwnia  a/nguatifolia.  The  granules  are  elon- 
gated triangular,  or  irregularly  oval,  flattened,  and  almost  trans- 
mrent.  The  normal  measurement  varies  from  -0304:  to  '0009  mm. 
•0012  to  -00238  inch].  The  hilum  is  eccentric,  not  very  distinct; 
ihe  concentric  rings  are  clearly  visible,  and  form  segments  of  a 
circle.  The  application  of  heat  or  a  solution  of  potash  deforms 
the  grains  in  a  very  in-egular  manner ;  they  begin  to  swell 
about  72*^0. 

MaramXa  arrowroot,  syn.  Jamaica,  St,  Vincent,  is  derived  from 
Maranta  arundinacece.  The  granules  are  somewhat  ovoid, 
flattened,  and  tending  to  a  triangular  shape  in  the  larger,  but 
the  smaller  may  be  circular.  The  concentric  layers  are  always 
visible  and  numerous,  but  not  very  marked.  Nucleus  is  central, 
or  about  I  eccentric — in  some  circular,  in  others  linear ;  from 
the  nucleus  a  little  slit,  filled  with  air,  often  goes  to  the  edge. 
Length  of  granule  0*010  to  0-070  mm.,  average  0-036  mm. 
[=  '00138  inch].  Tumefaction  in  water  begins  at  76°C.  The; 
specific  gravity  of  the  starch  taken  in  petroleum  or  benzole  is 
1-504;  if  dried  at  100°C.,  1*565. 

Natal  arrowroot  is  probably  the  pro<lucc  of  Maranta  arun- 
dinacece, the  same  plant  from  which  Maranta  itself  is  derived, 
but  growing  in  a  different  climate.  The  majority  of  the  granules 
Ar»  broadly  ovate,  but  some  are  occasionally  circular.  The 
duneDsions  are  from  '0375  to  -0327  mm.  ^^-00148  to  -00129  inch]. 
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The  eccentricity  of  the  hilum  ranges  between  ^^  and  J.  The 
UfniniR  appear  under  water  with  special  clearness,  and  on  this 
aoocmnt  granules  of  Natal  arrowroot  harve  been  frequently  mis- 
taken for  those  of  the  potato. 

Potato  starch,  syn.  Potato  arrov:root. — The  starch  derived  from 
the  potato  (Solanum  tuberosum).  The  granules  vary  greatly 
in  shape  and  size,  some  being  small  and  circular,  others  large, 
ovate,  and  oyster-shaped.  The  hilum  is  annular,  and  the  con- 
centric rings  incomplete.  In  the  larger  granules  the  rings  are 
numerous  and  distinct.  The  normal  dimensions  are  *037G  to 
•06858  mm.  [0027  to  -00148  inch].  The  eccentricity  averages  J. 
The  granules  float  on  chloroform. 

Potato  starch  is  frequently  used  as  an  adulterant  of  the  arrow- 
roots. The  most  reliable  method  of  examination  is  careful 
microscopic  observation,  but  there  is  also  a  different  behaviour 
with  regard  to  reagents,  viz. : — 

(1.)  Maranta  arrowroot,  mixed  with  twice  its  weight  of 
hydrochloric  acid,  produces  a  white  opaque  paste,  whereas  potato 
sfaBJTch  treated  similarly  produces  a  paste  transparent  and  jelly- 
like. 

(2.)  Potato  starch  evolves  a  disagreeable  and  peculiar  odour 
when  boiled  with  dilute  sulphuric  acid,  >  which  is  not  the  case 
with  arrowroot. 

(3.)  An  acrid  oil  may  be  extracted  from  the  starch  of  the 
potato,  but  not  from  that  of  the  Maranta. 

Ginger, — The  granules  are  variable  in  shape,  but  characteristic. 
The  usual  form  may  be  described  as  shortly  conical  with  rounded 
angles;  the  hilum  and  rings  are  very  faint.  Measurement  about 
•0376  mm.  [  =  -00148  inch]. 

The  remaining  starches  belonging  to  this  group  are  distin- 
guished as  follows : — 

Galangal  granules,  skittle-shaped,  with  faint  incomplete  rings, 
an  elongated  hilum,  with  a  normal  measurement  of  -0342  mm. 
[00135  inch]. 

Calumba, — The  starch  granules  of  Calumba  are  variable  in 
form,  most  of  them  are  pear-shaped.  They  have  a  semilunar 
hilum,  and  faint  complete  rings.  The  measurement  is  about 
■0469  mm.  [-00185  incM. 

Orrisroot, — The  starch  granules  are  of  a  characteristic  elongated, 
oblong  shape,  with  a  faint  hilum.  Measurement  -028  mm. 
[00092  inch]. 

Turmeric  nas  oval,  oblong,  conical  granules,  with  the  rings 
well  marked  and  incomplete.  Normal  measurement  *Q37G  mm. 
[-0014:8  inch]. 
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Class  IT. — TJie  coyvcerUric  rings  all  hut  invisible;  ?Ulum  stellaie. 
To  tJiis  group  belong  the  starches  of  Hue  betm,  pea,  maize,  lentil, 
dari,  and  nutmeg, 

Tbo  nucleus  of  the  Leguminosse  is  seen  ustiallj  as  a  long,  more 
or  less  stellate,  air-filled  black  hollow.  The  concentric  layers 
are  recognisable  if  the  starch  is  treated  with  chromic  acid. 

The  starch  from  the  bean,  pea,  and  lentil  are  in  shape  oval, 
oblong,  and  almost  identical ;  but  the  bean  and  pea  have  both 
a  stellate  hihim,  whilst  that  of  the  lentil  is  a  long  depres- 
sion. The  granides  of  the  bean  are  fairly  uniform  in  size,  aver- 
aging '0343  mm.  [-00135  inch]  ;  those  of  the  pea,  on  the  other 
hand,  are  very  variable  in  size,  ranging  from  '0282  to  '0177  mm. 

1*00111  to  '0007  inch],  the  smaller  size  predominating.  The 
entil  granules  average  -0282  mm.  [-00111  inch].  The  granules 
of  the  nutmeg  are  of  small  size  and  of  characteristic  shape. 
Measurement  about  -014  mm.  [-00055  inch].  The  starch  from 
the  dari  is  in  small  elongated  hexagons ;  average  size  *0188  mm. 
[-00074  inch].  The  starch  from  rnaize  varies  in  shape  from  round 
to  polyhedral ;  the  granules  are  the  same  size  as  those  of  the  dari; 
the  distinguishing  mark  is  the  rounded  angles  of  the  polygonal 
granules. 

Class  III. — Starches  having  both  tJie  concentric  rings  and  hilunu 
invisible  in  Hie  majority  of  granules.  This  important  class 
includes  wheat,  bowleg,  ^ye,  olieslnut,  acorn,  and  a  variety  of 
starches  derived  from  medicinal  2)lants,  such  asjcUap,  rhubarb, 
senega,  d'c,  d-c. 

Wheat  starcJi  is  extremely  variable  in  size,  being  from  -216  to 
•0022  mm.  [-00185  to  -00009  inch].  The  granules  are  circular,  or 
nearly  so,  and  flattened.  Polarised  light  show.s  a  cross,  but  in 
water  the  effect  is  not  great. 

Barley, — The  granules  of  barley  are  of  fairly  uniform  size,  viz., 
•0185  mm.  [-00073  inch],  but  a  few  measure  -07  mm.  The  shape 
of  the  starch  is  that  of  slightly  angular  circles. 

Bye, — Rye  starch  is  similar  in  shape  to  barley  starch.  The 
measurements  are  from  -0375  to  -0022  mm.  [-00148  to  -00009]. 
The  small  granules  are  perfectly  round,  and  here  and  there 
cracked. 

Chestnvi, — Tlie  starch  grains  vary  much  in  form;  they  are 

round  or  elliptical,  or   three-  or  four-angled,  with   the  angles 

rounded.     In  the  place  of  a  nucleus  there  is  almost  always  a 

central  hollow  £lled  with  air.    The  size  is  small  and  regular, 
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being  from  -022  to  -0022  mm.  [0009  to  -00009  inch],  and  this 
regularity  of  size  is  the  chief  means  of  distinction. 

Acorn, — The  starch  granules  of  the  acorn  arc  almost  round,  or 
round-ovaL  A  nucleus  may  be  made  out  after  treatment  with 
chromic  acid;  eccentricity  1.  Normal  measurement  '0188  mm. 
[•00074  inch]. 

Class  IV. — A II  Uie  granules  truncated  at  o7ie  end,  Th is  class  includes 
sago,  tapioca,  and  arum,  besides  several  drugs,  viz.,  tlie  starches 
from  belladonna,  colchicum,  scammony,  j)odoi)hyUuvi,  candla, 
aconite,  cassia,  and  cinnamon. 

Sago, — A  starch  obtained  from  the  pith  of  certain  species  of 
palms,  especially  Sagus  levis,  and  S,  Rumphii,  It  exists  in  com- 
merce as  raw  Bud.  Bs  prepared  ^Skgo',  both  have  oval-ovate  granules, 
the  normal  measurements  of  which  are  from  '0660  to  -0282  mm. 
[■0026  to  -00111  inch].  There  is  a  circular  hilum  at  the  convex 
end  of  the  raw  sago  granules,  and  rings  are  faintly  visible ;  but 
starch  granules  from  prepared  sago  have  a  large  oval  or  circular 
depression,  covering  nearly  one-third  of  each  granule. 

Tapioca  is  a  starch  furnished  by  the  Manihot  utilissima,  which 
is  more  or  less  altered  by  heat,  having  been  dried  on  hot  plates. 
This  causes  some  of  the  granules  to  swell,  and  thus  renders 
indistinct  in  some  cases  the  original  structure.  The  starch  is  in 
groups  of  2  to  8,  or  in  isolated  granules.  When  resting  on  its  flat 
surface,  the  granule  shows  a  little  circle,  and  round  this  is  a  broad 
flat  zone ;  but  if  resting  on  its  curv^ed  surface,  the  granule  shows 
contours  varying  from  a  kettle-drum  to  a  sugar-loaf  shape,  and 
it  can  then  be  recognised  that  the  nucleus  does  not  lie  in  the 
centre,  but  in  the  axis  of  the  granule,  and  always  nearer  to  the 
curved  than  to  the  flat  surface.  A  conical  hollow  exists  under 
the  nucleus,  filled  with  a  substance  slightly  refracting  light. 
The  normal  measurement  is  from  -01879  to  -0140  mm.  [-00074 
to  -00055  inch]. 

Arum  starch,  sometimes  called  Arum  arrowroot,  has  somewhat 
smaller  grains  than  tapioca ;  they  are  truncated  by  two  facets, 
the  hilum  is  eccentric.  The  normal  measurement  is  about 
•014  mm.  [-0005 G  inch]. 

Class  V.  — In  this  class  all  the  granules  are  angula/r  in  form  ;  it 
includes  oats,  tacca,  rice,  and  pepper,  as  loell  as  ipecacuanha 
starch. 

0(U  starch  or  meai. — The  starch  of  the  oat  ia  moaWy  ipo\y\i^^xAi 
heing  irregularly  from  three-  to  six-sided — -0094  mm.  X]^^^"^"^ 
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inch].  The  principal  starch  with  which  it  has  been  found 
adulterated  is  barlej;  but  great  caution  must  be  used,  for  oat- 
meal contains  little  round  masses  extremelj  similar  to  barley. 

Tacca  arrowroot^  also  called  Tahiti  arrowroot^  is  extracted  from 
the  Taoca  Oceanica  and  pinnatiyida.  The  granules,  when  viewed 
sideways,  are  muller-shaped,  with  truncate  or  dihedral  bases ; 
when  seen  endways  they  appear  circular,  occasionally  angular  or 
polyhedral ;  sometimes  a  sort  of  contraction  gives  them  a  sub- 
pynform  appearance.  The  hilum  is  well  developed,  often  starred. 
The  normal  measurement  is  from  *0190  to  '0094  mm.  ['00075  to 
'00037  inch].  It  may  be  confused  with  maize  starch,  but  tacca 
has  sharp  angles;  maize,  rounded. 

Rice  starch, — Each  individual  grain  is  polygonal,  mostly  five- 
or  six-sided,  here  and  there  three-sided.  If  a  high  magmfying 
power,  such  as  ^  or  -^,  be  used,  a  starred  hilum  may  be  seen. 
The  normal  measurement  is  from  *0076  to  -0050  mm.  [-0003  to 
•0002  inch].* 

*  Since  wc  have  devoted  no  chapter  to  the  consideration  of  rice,  it  may  be 
well  to  state  briefly  its  composition  here : — 

Composition  of  Bice  (Listheby). 

Nitrogenons  matter— Gluten, 0*3 

Carbo-hydrates, 79*5 

Fatty  matter, 07 

Saline  matter, 0*5 

Water, 130 

iooo 

Composition  of  Dried  Rio-  (Paykn). 

Nitrogenous  matter, 7*55 

Staroh, 88*65 

Dextrine,  &c, 1*00 

Fatty  matter, 0*80 

Cellulose, 1*10 

Mineral  matter, 090 

100*06 
The  following  is  the  composition  of  the  ash  of  rice  : — 

Potajh,          .                 18-48 

Soda, 10-67 

Lime, 1*27 

M;:^;Deaia, 11*69 

Oxide  of  iron, 0*45 

Phosphoric  add, 53*36 

Chlorine, 0*27 

SiUca, 3-35 

99-54 

An  oil  mav  he  obtained  from  the  embryo  of  rice.  It  has  a  density  of  -924 
at  15*C.,  and  at  5*C.  acquires  abutyraccous  consistence.    It  contains  a  larse 


mumtiij  of  dma  Mmd,  and  mnch  albuminous  matter. — (A.  Pavesi  and  £. 
Mamni,  GeBButta  Ckimiea  ItaHana,  iv.  192-19o.> 
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Pepper. — The  starch  of  pepper  is  in  smfill  |X)lygonal  granules, 
«ich  of  which,  with  a  higli  magnifying  power,  is  seen  to  possess 
a  hilum.  The  normal  measurement  is  from  '0050  to  '0005  mm. 
[0002  to  -00002  inch]. 
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WHEATEN  FLOtTR  AND  BREAD. 


I.-WIIEATEN  FLOUR. 

§  4.  Co)i8tituents  of  Flour, — FlouVy  in  the  common  acceptation 
of  the  tcnn,  is  ground  wheat  freed  from  bran. 

The  physical  charaders  which  flour  should  possess  are  as  fol- 
lows : — It  should  be  an  almost  perfectly  white,  fine  powder, 
with  only  the  slightest  tinge  of  yellow;  the  odour  should  be 
sweet,  and  it  should  be  free  from  acidity.  It  should  exhibit  no 
trace  of  bran  when  pressed  smooth  with  a  polished  surface ;  and 
it  should  have  a  certain  amount  of  cohesiveness  sufficient  to 
retain  for  some  time  any  shape  impressed  upon  it  by  squeezing. 
The  microscopical  characters  of  good  flour  are :  tlie  absence  of 
foreign  starches,  of  fungi,  <kc.,  and  the  presence  alone  of  the 
elements  of  ground  wheat.  (See  pp.  15-19,  for  measurements  of 
the  starches.) 

The  chemical  composition  of  ground  wheat  is  represented  in 
the  following  table,  giving  the  mean  of  fourteen  analyses  by 
Peligot : — 

Mean  of  Extremon. 

U  Analyses.        Max.  Mfn. 

Water, 140  15*2  13*2 

Fat, 1-2  1-9  11) 

Nitroffenous  matter  insoluble  iii  water,    .  12*8  19*8  8*1 

Soluble  nitrogeuous  matter— albumen,     .  1*8  2*4  1*4 

Soluble  non- nitrogenous  matter— dextrine,  7*2  10*5  5*4 

Starch, 597  ()G*7  55*1 

Cellulose, 1*7  2*:{  1*4 

Ash 10  1*9  1-4 

The  percentage  of  ash  from  the  whole  wheat  is  much  higher 
than  that  of  ordinary  flour,  the  bran  containing  much  ash. 
Tims,  100  parts  of  bi*an  contain — 

Water, 13*1  per  cent. 

Albumen,  coagulated, 19*3 

Fat, 4-7 

JTosA:  And  A  litfcle  starch,  ....  550 

AMb, -4*\\ 


»» 
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whilst  100  parts  of  flour,  according  to  Wanklyn,  contain  — 

Water, 16*5  per  cent. 

Fat, 1-2      „ 

Gluten,  &c., 12-0 

Starch,  &c., 69*6 

Ash, -7 

The  nitrogenous  matter  of  the  cereals  has  been  usually  deter- 
mined by  a  combustion  and  subsequent  estimation  of  the  nitro- 
gen. Mr.  Church  has,  however,  shown  that  this  method  of 
estimation  is  not  perfectly  reliable  as  a  measure  of  the  flesh- 
formers  or  albuminous  matters,  properly  so  called.  In  a  valuable 
recent  series  of  researches  on  this  point,  with  regard  to  wheat, 
barley,  and  oats,  Mr.  Wigner  has  shown  that  these  nitrogenous 
flesh-forming  constituents  have  been  over-estimated,  since  nitro- 
gen combined  as  nitric  acid,  nitrous  acid,  and  alkaloids*  is 
present  in  larger  quantities  than  has  been  hitherto  supposed. 
This  is  more  especially  true  as  regards  the  husk  and  bran,  very 
little  non-coagulable  nitrogenous  matter  being  contained  in  the 
flour,  properly  so  called.  These  analyses  were  carried  out  as 
follows : — 

50  grains  of  the  sample  were  ground  in  a  warm  porcelain 
mortar  with  enough  carbolic  acid  to  form  a  paste.  Two  or  three 
drops  of  dilute  acid  were  added,  and  the  paste  then  diluted  with 
hot  carbolic  acid  and  allowed  to  cool,  filtered,  and  the  filter 
washed  with  carbolic  acid  of  the  same  strength.  By  this  treat- 
ment all  the  true  albuminoids  were  coagulated  and  remained 
in  the  filter,  while  any  nitrogenous  matter,  either  as  nitrates, 
nitrites,  alkaloids,  or  gluten,  passed  through  the  filter.  The 
residue  in  the  filter  was  washed  down  into  the  point  as  far 
as  possible,  and  the  filter  dried,  the  residue  detached,  and  the 
filter  itself  finely  shredded  with  scissors  and  ground  to  powder, 
and  then  burnt  in  a  combustion- tube  in  the  usual  way. 

The  samples  were  collected  so  as  to  give  examples  of  every 
class  of  wheat,  barley,  and  oats,  and  ground  by  the  operator. 
Treated  in  this  manner,  Mr.  Wigner  found  that  17*7  per  cent,  of 
the  total  nitrogen  in  wheat,  17*0  per  cent,  of  that  in  oats,  and 
14*7  per  cent,  in  that  of  barley,  as  an  average,  deduced  from  the 
examination  of  fifteen  samples  of  each,  was  present  in  such  a  formr 
as  not  to  be  capable  of  coagulation  by  carbolic  acid.  The 
extremes  in  various  samples  differed  widely,  and  it  would 
appear  as  though  we  may  have  by  this  process  a  method  of  dis- 
tinguishing  the  true  nutritive  value  of  one  sample  of  grain  from 
another.* 

The  nitrogenous  constituejjts  of  flour  comprise  A  wuA^t:  \X\^ 

*tieeAmlyst,  July,  August,  1878. 
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name  oiylnteriy  are  composed  of  at  least  four  bodies — gluten-coumne, 
(/hUen^fibrin,  mucedin,  and  gliadin. 

Gluten  may  be  obtained  by  merely  kneading  the  flour  into  a 
paste,  and  then  washing  all  the  starch  out  of  the  paste  in  a  thin 
stream  of  water.  As  thus  obtained  it  is  in  the  moist  state  a 
yellowish-grey,  very  elastic,  adhesive  mass ;  and  when  dry,  some- 
what homy.  It  dissolves  for  the  most  part  in  alkaline  liquids 
and  in  acetic  acid.  From  the  gluten  the  four  bodies  mentioned 
may  be  separated  as  follows  : — 

1.  Gluten-caseine, — The  well-washed  gluten  is  digested  a  few 
<lays  with  potash  solution  (for  every  100  grms.  of  gluten 
about  3  to  4  grms.  KHO).  The  clear  solution  is  decanted 
from  the  insoluble  residue,  and  precipitated  by  acetic  acid 
in  the  least  excess.  The  precipitate  is  exhausted  successively 
with  CO  per  cent,  and  with  80  per  cent,  alcohol,  then  with 
absolute  alcohol,  and  lastly  with  ether.  The  insoluble  por- 
tion now  consists  of  gluten-caaei^ie,  which  may  be  purified  by 
solution  in  weak  potash  lye,  precipitated  by  acetic  acid,  washed 
with  water  and  alcohol,  and  dried  in  a  vaciiuui.  It  foi*ms  a 
whitish-grey,  voluminous,  earthy  mass,  soluble  in  dilute  alkaline 
solutions,  but  insoluble  in  water,  whether  hot  or  cold.  At  100°G. 
it  soon  changes  into  a  modiUcation  insoluble  in  alkaline  fluids. 
Its  solution  in  very  dilute  alkaline  fluids  becomes  turbid  on 
exposure  to  the  air,  and  is  precipitated  in  a  flocculent  condition 
by  the  heavy  metals. 

The  gluten-caseine  of  rye  seems  to  be  similar  to  that  of  wheat 
[Ritthau8en.'\ 

2.  Glut^n-fihrin. — The  substances  remaining  in  solution  from  1. 
are  gluten-fibrin,  mucedin,  and  gliadin.  Tlie  first  is  separated 
by  distilling  the  united  alcoholic  extracts  to  one-half,  when  it 
separates  as  a  brownish-yellow  mass.  It  may  be  purified  by 
repeatedly  dissolving  in  a  little  60  to  70  per  cent,  alcohol,  from 
which  it  separates  on  cooling.  This  property  is,  indeed,  char- 
acteristic of  gluten-fibrin.  It  forms  a  tenacious  brownish-yellow 
mass,  becoming  horny  on  drying.  It  is  insoluble  in  cold  water ; 
boiling  water  partly  decomposes  and  changes  it  into  a  modifica- 
tion insoluble  in  alcohol,  acetic  acid,  and  potash. 

3.  Mucedin. — Tlie  alcoholic  extracts  from  2.  contain  mucedin 
and  gliadin,  and  are  united  and  evaporated  to  dryness.  The 
varnish-like  residue  is  treated  with  ether  to  remove  fat,  and  dis- 
solved in  warm  GO  to  70  per  cent,  alcohol,  allowed  to  cool,  and 
filtered  from  any  gluten-fibrin  still  remaining.  The  mucedin  is 
now  precipitated  in  a  flocculent  state  by  strong  alcohol,  and  by 
a  repetition  several  times  of  this  oj)eration  is  obtained  pure. 
When  h'eah,  it  ia  a  whitish-yellow,  aVimy  tcv««&*,  ^Ww  dry^  a 
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horny,  crumbling  mass.  It  dissolves  easily  in  60  to  70  per  cent, 
alcohol^  but  is  precipitated  by  90  per  cent,  alcohol.  The  acetic 
acid  solution  is  coloured  a  beautiful  violet  on  the  addition  of 
sulphate  of  copper  and  potash,  and  slightly  warming. 

The  mucedin  from  rye  is  similar  to  that  of  wheat  [Ritt- 
hatueril. 

4.  Gliadin, — Gliadin  is  obtained  by  evaporating  the  alcoholic 
solution  left  from  3.  It  then  remains  behind  as  a  clear  yellow 
Tarnish,  which  is  so  tenacious  that  it  may  be  drawn  into  tlircads. 
By  treating  it  with  absolute  alcohol  and  ether,  it  is  changed  into 
a  friable,  lustreless  mass.  It  is  easily  dissolved  by  40  to  80  per 
cent,  alcohol,  and  this  solution  is  made  milky  by  absolute  alcohol 
and  water,  turbid  by  ether.  By  boiling  it  is  changed  into  an 
uisoluble  modification.  If  digested  with  cold  water  it  dissolves, 
and  the  solution  is  opalescent  and  frothy,  giving  a  precipitate 
with  tannic  acid  and  soda.  Gliadin  dissolves  in  dilute  alkaline 
and  alcoholic  solutions  and  in  acetic  acid ;  on  neutralisation,  or 
on  addition  of  salts  of  the  heavy  metals,  precipitates  are  formed. 

The  constituents  of  gluten,  based  upon  the  researches  of  Kitt- 
bausen,  have  been  given  at  some  length,  because  it  is  possible  that 
more  work  done  in  this  direction  may  be  useful  in  the  practical 
analysis  of  flour. 

^  5.  Analysis  of  Flour, — A  careful  preliminary  microscopical 
examination,  combined  with  measurements  by  a  micrometer,  &c., 
ought  to  discover  any  foreign  starches.  There  are,  however, 
certain  chemical  tests  which  have  been  proposed  for  the  detec- 
tion of  potato  flour  and  of  bean  flour. 

M.  Chevallier  has  recommended  equal  weights  of  flour  and 
sand  to  be  triturated  with  water  until  a  homogeneous  paste  in 
formed,  which  is  then  diluted  and  filtered ;  to  the  filtrate  is 
added  a  ft^shly-prepared  solution  of  iodine,  made  by  digesting 
for  about  ten  minutes  3  grms.  of  iodine  in  60  cc.  of  water,  and 
then  decanting.  If  the  flour  is  j)ure,  this  addition  will  give  a 
pink  colour,  gradually  disappearing;  whilst  if  potato  starch  should 
be  present,  the  colour  is  of  a  dark  purple,  only  disappearing 
gradually;  by  comparing  the  reaction  with  flour  known  to  be 
pnre,  this  difference  of  behaviour  is  readily  appreciated. 

M.  Robing  separates  the  gluten  as  much  as  possible  from  the 
starch,  allows  the  latter  to  deposit  in  a  conical  glass,  when,  since 
the  potato  starch  is  much  heavier  than  the  wheat  starch,  the 
former  occupies  the  apex  of  the  cone.  The  water  is  removed  by 
liphoning  and  pipettes,  and  lastly  the  upper  layer  of  the  cone, 
consisting  of  gluten,  &c.,  is  taken  away  by  a  teaspoon,  or  other 
toitable  inBtrument;  the  cone  ia  received  on  a  \\iTii\>  oi  ^^^ 
plastez>  the  apex  cut  off  and  triturQ,ted  in  an  agate  moTtar  (^^»aa> 
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porcelain,  and  Wedgewood  mortars  do  not  answer),  and  tested 
with  iodine,  which  gives  a  blue  colour  with  iX)tato  starch,  but 
under  these  circumstances,  not  with  wh eaten  starch,  because  the 
friction  has  not  been  sufficient  to  tear  the  envelopes  of  the  latter.* 
This  test  of  M.  Eobin^  should,  however,  only  be  undertaken 
combined  with  microscopical  examination,  or  else  great  errors 
might  result. 

M.  Eodiguez  has  ascei*tained  that  when  pure  flour  is  submitted 
to  dry  distillation  in  a  stone  retort,  and  the  distillate  is  collected 
in  a  vessel  containing  water,  the  latter  will  remain  perfectly 
neutral.  But  if  bean,  pulse,  or  peameal  has  been  added,  the  water 
will  have  au  alkaline  reaction.  This  test  appears  of  doubtful . 
value,  for,  provided  tlie  distillate  is  alkaline,  the  alkalinity  may, 
it  is  evident,  have  arisen  from  a  variety  of  causes  besides  the 
addition  of  the  substances  mentioned.  It  has  also  been  shown  by 
Bu»sy  that  certain  cereals  yield  on  distillation  an  acid  product. 

Lassaigne  (taking  advantage  of  the  fact  that  haricot  beans,  as 
well  as  beans,  contain  a  tannin  in  their  envelopes)  adds  a  salt  of 
iron,  which  with  pure  flour  gives  a  feeble  straw  colour,  but 
mixed  with  either  of  the  two  mentioned,  or,  of  course,  with  any 
substance  containing  tannin,  gives  various  sliades,  from  orange- 
yellow  to  very  dark  green. 

The  mineral  adulterations  are  mainly  to  be  sought  for  in  the 
ash,  with  the  exception  of  alum,  which  may  with  greater  rapidity 
bo  detected  in  the  cold  extract. 

Mr.  CaHer  Bell  directs  50  grms.  of  flour  to  be  weighed  out  and 
mixed  by  the  aid  of  a  glass  rod  with  50  cc.  of  distilled  water,  to 
this  is  added  5  cc.  of  recently  prepared  logwood  solution,  alka- 
lised  by  5  cc.  of  solution  of  ammonium  carbonate.  If  -iTj^J-inr  P^^"^ 
of  alum  is  ])rcsent,  the  flour  will  become  of  a  lavender-bluo 
colour  instead  of  pink.  An  approximate  estimate  of  the  quantity 
may  bo  obtaincKl  by  having  a  standard  solution  of  pure  alum 
1  grm.  to  the  litre,  and  adding  known  quantities  to  exactly 
similar  emulsions  of  pure  flour,  and  testing  as  before  with  log- 
wood, until  an  emulsion  is  obtained  of  very  similar  hue  to  tho 
flour  originally  tested.  If  tho  cold  extract  gives  a  blue  tint  with 
the  logwood  test,  or  if  the  flour  be  submitted  to  dialysis,  and  tho 
diffusate  responds,  alum  is  present  as  alum,  and  is  not  derived 
from   dirt,  clay,  or  from  the   millstones  themselves. f       It  has 

*  The  process  of  subsidence  itself  is  good,  and,  indeed,  essential  to  ensure 
the  detection  of  small  i)ercentage8  of  i>otato  flour  in  wheat  fiour,  for  it 
enables  the  niicroscopisb  to  concentrate  ino  substance  sought  for. 

t  The  millstones  are  sometimes  mended  with  an  alum  cement.    This  cir- 
camstaace  will  of  course  from  time  to  timo  be  utilised  for  purposes  of 
de/ence. 
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been  proposed  to  trace  the  alum  by  estimation  of  the  sulphates 
in  the  cold  extract,  but  there  are  practical  difficulties  which 
cannot  be  fully  surmounted. 

Dr.  Dupr^  has  suggested  shaking  the  flour  up  with  chloroform, 
and  tben  allowing  it  to  stand :  the  flour  floats,  the  mineral 
impurities  subside  to  the  bottom,  and  are  removed.  The  author 
li&B  recently  made  some  experiments  in  this  direction,  and 
without  hesitation  recommends  it  as  the  best  known  process  to 
obtain  alum  as  alum.  Directly  water  is  added  to  alumed  flour, 
it  is  impossible  to  isolate  the  alum  again,  for  it  not  only  is 
decomposed  by  the  phosphate  of  potash,  but  also  forms  an 
insoluble  combination  with  the  gluten.  Hence  we  are  compelled 
to  treat  the  flour  with  some  liquid  in  which  alum  is  insoluble, 
and  of  a  specific  gi'avity  sufficient  to  allow  of  the  sc))aration  of 
the  alum  from  the  lighter  flour  by  subsidence.  Chloroform 
answers  this  purpose  admirably.  A  long  cylinder,  closed  at  the 
liottom  with  a  tap  of  not  too  fine  a  bore,  is  taken,  and  a  weighed 
quantity  of  the  flour,  from  a  quarter  to  half  a  pound,  is  i)laced  in 
it,  and  sufficient  methylated  chloroform  added  to  form  a  thin 
sort  of  paste ;  the  cylinder  is  closed  by  a  stopper,  shaken  up 
once  or  twice,  and  allowed  to  stand  over  night.  The  next  morn- 
ing the  lower  stratum  of  liquid  is  drawn  off*  to  the  extent  of  from 
10  to  30  cc.  This  will  contain  sand  from  the  millstones,  sulphate 
of  lime,  alum,  or  any  other  mineral  powder  of  a  gi'eater  specific 
gravity  than  chloroform,  that  happened  to  be  in  the  flour ;  this 
fluid  is  placed  in  a  burette,  some  more  chloroform  is  added,  and 
the  matters  allowed  to  again  subside ;  lastly,  the  powder,  with  a 
little  of  the  chloroform,  is  drawn  off*  into  a  watch-glass,  the 
chloroform  evaporated,  and  the  powder  digested  in  warm  water, 
filtered  into  a  clean  watch-glass,  and  allowed  to  evaporate  spon- 
taneously. If  alum  were  present  crystals  will  be  obtained,  easily 
identified  by  their  form,  and  these  if  necessary  can  bo  produced  in 
court  as  a  ^'corpus  delicti^*  The  chloroform  which  hsus  been  used 
may  be  in  a  great  measure  recovered  by  simple  filtration,  then 
purified  by  distillation  in  the  usual  way.t 

*  The  estimation  of  the  total  alumina  in  flonr  is  detailed  at  p.  33. 

t  The  following  case  is  one  of  great  interest  and  importance  as  regards 
alum  in  flour : 

THE  SELBY  FLOUR  CASE. 

The  defendants  were  summoned  on  two  separate  informations  under  the 
Sale  of  Food  and  Drugs  Act,  1875,  for  having  sold  flour  mixed  with  alum, 
in  one  sample  equal  to  18  grains  of  alum  to  4  pounds  weight  of  flour,  and  in 
another  sample  to  10  grains  of  alum  to  4  ]>ounds  weight  of  iiour.  A 
report  was  read  from  three  of  the  analysts  at  Somerset  Ho\xfte,  ^vm^N^^ 
result  of  their  analyses  of  the  same  samples,  which  was  io  t\\e  e^^Q^  ^«^» 
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§  G.  ProximaU  Analysia  of  Flour, 
§  G.  The  constituents  of  flour  to  be  determined  are  — 

(1.)  Water. 
(2.)  Fat. 

I  Sugar,  Gum,  and  Dextrine. 
(3.)  Cold  Water  Extract.  <  Vegetable  Albumen. 

{ Phosphate  of  Potash. 
(4.)  Gluten. 
(5.)  Ash. 

(1.)  The  water  is  taken   in   the  ordinary  way;  that  is,  by 

the  sample  marked  29  contained  alumina  equivalent  to  9^^  grains  of 
ammonia  alum,  and  the  sample  marked  30  contained  alumina  equivalent  to 
21^V  ^ains  of  ammonia  alum  per  4  pounds  of  flour.  Sample  29, 
accordmg  to  their  experience,  contained  no  more  alum  than  was  found  in 
genuine  Hour,  and  with  regard  to  the  excess  of  alumina  in  number  30,  the 
results  of  their  experiments  did  not  enable  them  to  confirm  that  it  existed 
in  the  flour  in  the  form  of  alum. 

Superintendent  Gill  explained  that  he  had  sent  to  Somerset  House  par- 
ticulars of  Mr.  Allen's  analysis ,  in  accordance  with  a  request  from  the 
analysts  there.  Since  the  last  hearing  he  had  also  sent  a  letter  to  Somerset 
House,  to  which  he  had  received  the  following  reply : — 

**  With  reference  to  the  preceding  letter,  we  have  to  state  : — First,  We 
are  of  opinion  that  the  samples  did  not  contain  alum,  and  we  intended  this 
to  be  understood  by  the  terms  of  our  certificate.  Second,  Both  samples 
were  very  limited  in  quantit}*,  that  marked  No.  30  barely  weighing  5 
ounces.  Although  we  were  enabled,  with  the  quantity  at  our  disposal,  to 
prove  by  duplicate  experiments  the  presence  of  an  excess  of  alumina  in  "So. 
30,  and  to  satisfy  ourselves  of  the  absence  of  alum  in  both  samples,  it  would 
have  been  more  satisfactory  to  us  to  have  liad  a  larger  quantity,  that  we 
might  have  been  able  to  determine  and  state  in  our  certificate  in  what 
form  the  excess  of  alumina  existed  in  No.  ,*»0  flour. — (Signed)  J.  Bell,  K. 
Bannistek,  and  H.  J.  Helm." 

In  the  cross-examination  of  Mr.  Allen,  the  analyst,  he  stated  that  he  first 
tested  the  bread  he  had  made  from  the  sample  of  flour  sent  to  him  by  the 
logwood  test,  which  told  him  that  there  was  something  wrong  with  the 
flour.  Having  found  this,  he  then  ascertained  the  amount  of  alumina  it 
contained  by  a  process  he  had  already  described. 

Mr.  Cadman — To  put  it  shortly,  you  found  something  wTong  by  one  test ; 
by  another  test  you  found  what  j'oii  call  an  excess  of  alumina,  and  then  you 
I)ut  the  two  together  and  calculated  alum.     Is  that  so? — Yes. 

Mr.  Cadman— Did  you  by  any  process  you  used  find  one  speck  or  tittle  of 
alum  as  alum  ? — No,  nor  anybody  else.  Nobody  ever  found  alum  in  bread  as 
such. 

Mr.  Hemsworth — The  analysts  at  Somerset  House  agree  as  to  the  alumina, 

but  they  don't  say  in  what  form  it  is.     We  want  to  know  their  opinion  as 

to  what  that  excess  iB.    There  is  a  property  in  the  flour  which  ought  not  to 

be  in  it 

Mr,  Ckdman — Tb&t  excess  of  alumina  might  ivx\^e  ftonv  the  process  of 
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weighing  carefully  about  1  to  3  grms.  in  a  tared  dish,  and 
ezpoeing  it  to  the  heat  of  the  water-bath  until  it  ceases  to  loso 
weight. 

(2.)  The^o^,  according  to  the  researches  of  Peligot,  must  be 
determined  in  the  perfectly  dry  flour,  error  resulting  in  any  other 
case. 

(3.)  The  cold  extract  is  obtained  by  digesting  10  grms.  of  flour  in 
50O  CO.  of  water,  and  Altering  and  evaporating  down  250  cc.  in 
a  platinum  dish.  According  to  Wanklyn,  100  grms.  of  flour 
vield  to  water — 

Grms. 

Sugar,  gum,  and  dextrine,       ....        3-33 

Vegetable  albumen, 0*92 

Phosphate  of  potash, 0*44 

4-69 
On  igniting  the  extract  the  ash  should  consist  entirely  of 

mnraiactare,  and  that  being  so,  under  the  words  of  the  section  the  defend- 
ants cannot  be  convicted.  They  had  heard  that  Egyptian  wheat  was  very 
dirtrir.  Well,  the  defendants  had  special  machinery  for  scrubbine  and 
wasning  the  wheat.  They  brushed  it  to  take  off  every  bit  of  clay,  out  if 
any  specks  remained  it  might  be  sufficient  to  account  for  the  presence  of 
alumina. 

Mr.  Richard  Bannister,  one  of  the  analysts  at  Somerset  House,  was  then 
called  by  Mr.  Cadman,  at  the  request  of  the  Bench.  His  evidence  was  to 
the^effect  that  the  result  of  his  and  his  colleagues'  analyses  of  the  flour  was 
thesame  as  Mr.  Allen's,  but  they  came  to  aifferent  conclusions  as  to  the 
excess  of  alumina.  Mr.  Allen  said  it  existed  in  the  form  of  alum,  but  they 
found  that  it  was  not  alum. 

Mr.  Hemsworth — Then  what  is  it? — I  am  sorry  I  cannot  tell  you. 

But  there  is  something  in  the  flour  that  ought  not  to  be  ? — There  is  more 
alumina,  but  it  may  come  from  clay  or  dirt,  or  something  else,  we  are  unable 
to  say  what. 

Mr.  Allen,  in  answer  to  the  Bench,  said  he  still  maintained  his  belief  that 
there  was  alum  present  in  the  flour.  At  the  same  time  Mr.  Bannister  was 
quite  justified  in  what  he  had  said,  because  he  had  failed  to  get  the  precise 
lesnlt  which  he  (Mr.  Allen)  got.  He  had  the  authority  of  Dr.  Hassall 
that  the  logwood  tests  sometimes  failed. 

Mr.  Bannister  said  that  at  the  time  they  tested  the  samples  sent  to 
them,  they  aUo  tested  twenty  other  samples  of  what  they  knew  to  be  pure 
floor,  and  the  result  in  all  the  cases  was  the  same.  They  then  added 
alum  to  some  samples,  and  the  test  showed  when  the  alum  was  present ; 
so  that  he  thought  they  were  justified  in  concluding  that  the  test  was  a 
good  one. 

After  this  evidence,  the  magistrates  retired  and  consulted,  and  on  their 
retnminff  into  court,  Mr.  Hemsworth  said  that  they  had  thought  the  matter 
over,  and  found  the  evidence  so  conflicting  that  they  had  decided  to  dismiss 
the  information. 

Mr.  Cadman  said  that  had  the  Bench  not  thought  it  right  to  dismiss  the 
charge  at  that  point,  he  would  have  called  witnesses  to  prove  \i\vdXi  \\i  "w^^ 
impoaable  f&r  »  miller  to  put  alum  into  the  flour. 
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|>1)os]>liat«  of  jtotaali.  When  tlie  weight  of  the  ash  ia  known,  it 
may  he  diasolved  in  water,  and  the  quantit}'  of  phosphoric 
acid  eatimftted  by  titratiou  witli  uranium  solution,  and  if 
from  this  thero  ia  any  discrepancy  between  the  calculated 
|ihosphate  of  potash  and  that  found,  the  ash  should  be  carefully 
■|npd. 

;  cleterraination  of  the  sugar  and  dextrine  may  bo  made  by 
the  processes  described  at  p.  8;  but  it  is  usually  sufficient  to 
obtain  merely  the  weight  of  tlio  cold  extract  and  the  weight  of 
its  ash. 

(4.)  The  gluUn  or  al/nnninouU  can  only  be  appraximately  deter- 
uiiued  by  the  wash  in  ^r  process,  but  more  accurately  estimated  by 
combustion  with  ciipiic  oxide  and  careful  measurement  of  the 
nitrogen.  The  percentage  of  nitrogen  found,  multiplied  by  6-33,* 
ipinla  tlie  amount  of  albuminoids.  The  most  rapid  proce.sa  of 
all.  however,  and  one  of  very  fair  accuracy,  is  that  proposed  by 
;\Ii'.  Wanklyn, — viz.,  distillation  with  alkaline  permanganate. 
10  mgrms.  of  flour  are  distilled  with  a  strongly  alkaline  solution 
if  potassic  permanganate,  sticlt  as  ia  used  in  water  analysis,  and 
liH  ammonia  either  titrated  or  estimated  by  the  colorimetric 
irocess  known  as  NesakvUiitij,  10  parts  of  ammonia  e<|uaUiug  100 
f  gluten. 

(5.)  Thea*Aia  burnt  in  the  usual  way,  as  described  at  p.  4.    In 
he   iksli    is  detected   auy  mineral  adulteration  svich  as  chalk, 
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however,  but  little  evidence  to  ^how  that  English  bakers,  as  a 
common  practice^  add  anything  in  the  way  of  adulteration  save 
alum ;  at  all  events,  no  convictions  for  any  other  adulteration 
are  known. 

It  is  an  extremely  difficult  thing  to  detect  small  percentages  of 
rice  flour,  potato  flour,  bean  flour,  &a,  when  in  the  form  of  bread. 
The  only  feasible  course  appears  to  be,  to  make  bread  of  flour 
adulterated  with  diflerent  quantities  of  these  substances,  and 
then  to  compare  the  microscopical  appearances  of  sections  of 
these  with  pure  bread. 

§  8.  Alum  in  Bread, — Alum  is  added  to  bad  or  slightly  damaged 
flour  by  both  the  miller  and  the  baker.  Its  action,  according  to 
Liebig,  is  to  render  insoluble  gluten  which  has  been  made 
soluble  by  acetic  or  lactic  acids  developed  in  damp  flour,  and  it 
hence  stops  the  undue  conversion  of  starch  into  dextrine  or 
sugar. 

The  influence  of  alum  on  health,  in  the  small  quantities  in 
which  it  is  usually  added  to  bread,  is  very  problematical,  and 
rests  upon  theory  more  than  observation;  as  a  fact,  directly 
water  is  put  to  the  dough,  the  alum  (unless,  indeed,  it  has  been 
added  in  excessive  quantities)  is  broken  up  and  ceases  to  exist 
as  aluDL  But  notwithstanding  the  obscurity  as  to  its  action 
on  the  economy,  there  can  be  no  diflerence  of  opinion  that  it  is 
a  serious  adulteration,  and  not  to  be  permitted. 

In  searching  for  alum,  the  crust  and  the  crumb  should  be 
analysed  separately,  for  many  bakers  use  for  the  latter  a  flour 
technically  called  "cones,"  which  is  strongly  alumed,  and  prepared 
from  a  flne  species  of  wheat  grown  in  the  south  of  Europe,  mixed 
with  rice.  This  mixture  is  used  for  dusting  the  kneading  trough 
and  kneading  boards;  in  point  of  fact,  for  *^ facing^*  the  sponge 
previous  to  baking  it.  To  search  for  alum  in  the  crust,  there  is  no 
other  method  save  burning  to  an  ash,  as  described  at  p.  4 ;  but 
with  r^ard  to  the  crumb  of  bread,  the  qricditative  test  is  the  same 
as  for  flour,  viz.,  an  ammoniacal  tincture  of  logwood  (p.  28).  The 
crumb  of  pure  bread,  when  soaked  in  the  tincture  for  a  few 
minutes  and  then  squeezed,  exhibits  a  pink  colour,  the  crumb  of 
alumed  bread  a  blue  colour.  This  blue  colour  is  not  absolutely 
decisive  of  alum,  for  bread  adulterated  with  magnesia  carbonate 
exhibits  the  same  reaction,  but  if  such  a  colour  is  produced,  the 
bread  requires  further  examination.  The  quantitative  method 
for  estimation  of  the  total  alumina  in  bread,  as  originally  pro- 
posed by  Dupr^,  and  slightly  modified  by  Wanklyn,  is  as  follows: 
— 100  grms.  of  bread  are  incinerated  in  a  platinum  dish,  until 
the  ash  does  not  exceed  2  grms.  in  weight.  The  ash  is  then 
moistened  with  3  cc.  of  pure  strong  hydrochloric  acid,  and  20  to  30 
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cc.  of  distilled  water  added;  the  whole  is  boiled,  filtered,  and  tlie 
precipitate  (consistisg  of  unbumt  carbon  and  silica)  well  washed, 
dried,  burnt,  and  weighed.     To  the  filtrate  containing  the  phos- 
phateSy  5  cc.  of  strong  solution  of  ammonia  are  added.     If  tlie 
bread  has  been  alumed,  the  phosphates  now  precipitated  are 
those  of  lime,  magnesia,  iron,  and  alumina,  of  which  the  latter 
(viz.,  phosphate  of  iron  and  alumina)  are  insoluble  in  acetic  acid, 
so  that  their  separation  is  easy.     The  liquid  is  strongly  acidified 
with  acetic  acid,  boiled   and  filtered,  and   the   phosphates   of 
alumina  and  iron  washed  and  weighed.     Unless  the  liquid  has 
been  acidified  sufficiently,  phosphate  of  lime  contaminates  the 
precipitate  and  vitiates  the  results,  so  that  this  is  an  essential 
point.     The  last  step  is  resolution  of  the  precipitate  in  acid,  and 
the  estimation  of  the  iron ;  this  is  usually  best  eflfect^d  by  a 
colorimetric  process.      A  standard  solution  of  metallic  iron  is 
made  by  dissolving  a  gramme  of  fine  iron  wire  in  nitro-hydro- 
chloric  acid,  precipitating  with  ammonia,  washing  the  peroxide 
of  iron,  and  dissolving  it  in  a  little  hydrochloric  acid,  and  dilut- 
ing accurately  to  one  litre  [1  cc.  =  1  mgrm.  of  metallic  iron]. 
On  now  adding  to  an  unknown  very  dilute  solution  of  iron  a 
known  quantity  of  strong  ammon.  sulphide,  a  certain  colour  is 
produced,  and  this  colour  is  exactly  imitated  in  the  usual  way  by 
a  similar  quantity  of  ammon.  sulphide  and  the  standard  solution, 
the  whole  operation  being  conducted  on  the  well-known  pnncii>^es 
of  colorimetric  estimation.     The  amount  of  iron  in  the  precipitate 
being  known,  it  is  calculated  into  phosphate,  and  the  phosphate 
of  iron  subtracted  from  the  total  weight  of  the  precipitate  gives 
the  weight   of  the   phosphate  of  alumina.      IJnalumed    bread 
appears  to  contain  about  '005  per  cent,  of  phosphate  of  alumina, 
AlgOgPOg,  or  if  expressed  as  the  amount  of  alum  in  gi*ains  on 
the  41b.  loaf,  equivalent  to  6  grains.     As  a  fact,  however,  most 
analysts  allow  a  little  more  than  this — viz.,  8  grains  on  the  41b. 
loaf,  as  possible  from  accidental  impurities.     From  Mr.  Wanklyn's 
experiments  it  would  seem  that  in  the  case  of  bread  ash,  it  is 
unnecessary  to  evaporate  the  hydrochloric  solution  to  dryness,  as 
is  usually  done,  and  that  the  separation  of  silica  is  complete  by 
the  method  just  detailed. 

Another  perfectly  valid  way  of  estimating  alumina  in  bread  or 
fionr,  consists  in  a  modification  of  the  old  Normandy  procens. 
The  bread  is  burnt  up  as  before,  the  ash  powdered  and  treated 
with  hydric  chloride,  diluted  with  water,  boiled,  and  filtered. 
The  filtered  solution  is  again  boiled,  and  whilst  boiling  poured 
into  a  very  strong  solution  of  sodic  hydrate,  the  whole  boiled, 
^tered,  and  washed.  To  the  filtrate  is  added  a  few  drops  of 
disodic pbosphtite,  it  is  then  slightly  ac\d\^^d^\>i\i\i^^Tvsi<^Qtvde^ 
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and  Bubseqiientlj  rendered  just  alkaline  by  ammonia.     The  pre- 
cipitate is  collected,  washed,  and  weighed  as  alumina  phosphate. 
The  following  table  will  be  of  use  in  the  conyeraion  c^  phos- 
phate of  alumina  into  alum  : — 


Fhofnbate  of  Alnmiiia, 

Ammonia  Alum, 

Potash  Alrnn, 

^AlsOiPOt 

KiiiAI2S04l2H«O 

KA13SO«  UHa  0 

FartB. 

Parts. 

Parts. 

1 

= 

3-733 

4-481 

2 

= 

7*466 

8-962 

3 

S3 

11199 

14-443 

4 

ss 

14-932 

17-924 

5 

=3 

18-665 

22-405 

6 

32 

22-398 

26-886 

7 

= 

26-131 

3J  367 

8 

= 

29-864 

35-848 

9 

;"•" 

33  097 

40*329 

10 

s 

37  -336 

44-813 

Other  mineral  adulterants  are  not  likely  to  be  found  in  the  ash  of 
bread.  The  ash  of  bread  varies  from  1-3  to  2  per  cent.  If  any 
weight  beyond  this  be  found  in  a  properly  burnt  bread  ash,  it 
should  be  examined  with  great  care,  more  especially  for  magnesia 
and  soda  salts. 
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PART    III. 
MILK  —  BUTTER  —  CHEESE. 


I.— MILK. 


§  9.  Constituents  of  Milk. 


§  9.  Any  other  milk  than  that  derived  from  the  cow  can  scarcely 
i^e  said  to  exist  in  English  commerce,  so  that  cows'  milk  alone 
will  be  treated  of  in  this  work.     The  constituents  of  cows'  milk 


are — 


Water. 

Fat. 

Caseine,       .... 

Albumen,    .... 

Nuclein,      .... 

Lacto-protein, 

Milk  Sugar. 

Potash,        .... 

Soda, 

Lime, 

Magnesia, r 

Phosphoric  Acid  and  Chlorine,  in  I 
combination  with  the  above,  j 


Albuminoids. 


^Ash. 


The  fat  of  milk  is  practically  the  same  as  butter  fat,  a  descrip- 
tion of  which  is  given  at  p.  67. 

The  albuminoids  comprise  at  least  three,  if  not  four,  nitrogenous 
bodies,  all  of  which  are  collectively  in  analysis  termed  caseine. 
As,  however,  only  one  of  the  four  bodies  is  true  caseine,  this  is  a 
term  of  doubtful  propriety ;  but  it  has  been  so  long  used,  that  it 
can  hardly  be  changed  without  inconvenience.  The  other  mem- 
bers are  allmmen,  nudeiny  and  lacto-protein, 

Caseine  is  almost  peculiar  to  milk;  its  presence  has,  it  is  true, 
been  asserted  in  the  fluids  of  cysts,  in  serum,  and  in  muscle,  but 
it  has  probably  been  confused  with  globuline.  There  is,  however, 
a  substance  in  the  nerve  tissue  which  is  without  doubt  allied  to 
caseine.  Precipitants  of  caseine  are  numerous — lead-acetate, 
cupric-sulphate,  alum,  mercuric-chloride,  tannic  acid,  rennet^ 
sulphate  of  mAgneaia,  and  mineral  acids,  if  not  too  d\\.\i\>Q. 

The  methods  in  use  for  the  separation  of  caseine  ate — ^xeAr 
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pitation  by  sulphate  of  magnesia,  a  process  not  conveniently 
applicable  to  cows'  milk,  or  precipitation  by  an  acid. 

To  perform  the  latter  with  success,  it  is  absolutely  necessary 
to  dilute  the  milk  with  a  large  volume  of  water,  then  hydro- 
chloric acid  is  added  drop  by  drop,  until  a  good  distinct  flocculent 
precipitate  is  formed.  The  liquid  is  filtered,  and  the  coagulum 
washed  successively  with  cold  water,  alcohol,  and  ether.  As 
thus  obtained,  moist  caseine  presents  itself  as  a  white,  brittle, 
transparent  substance,  insoluble  in  water,  easily  soluble  in  very 
dilute  hydrochloric  acid,  as  well  as  in  very  dilute  soda  solution. 
It  apparently  is  not  otherwise  acted  on  by  such  liquids;  but  in 
concentrated  alkaline  solutions  it  is  changed — at  common  tem- 
peratures slowly,  at  higher  quickly — ^with  formation  of  sulphide 
of  the  alkali^  but  without  any  marked  difference  in  the  action  of 
the  caseine  towards  acids  and  alkalies.  Whilst  pure  caseine  is 
insoluble  in  solution  of  salt  and  in  water ;  it  is  in  the  presence  of 
phosphate  of  soda  (as,  for  example,  in  the  milk  itself)  not  preci- 
pitated by  simple  neutralisation,  but  must  first  be  strongly 
acidified.  Cold  alcohol  precipitates  caseine  completely  from  a 
solution  which  is  slightly  alkaliseJ,  but  also  dissolves  some  of 
the  precipitated  caseine. 

Caseine  not  being  so  easily  soluble  in  dilute  acetic  as  it  is  in 
dilute  hydrochloric  acid,  a  solution  in  the  latter  solvent  (if  not 
too  acid)  is  precipitated  by  acetate  of  soda.  Solutions  in  either 
of  the  acids  mentioned  give  a  precipitate  with  potassic  platinic 
cyanide.  When  moist  caseine  is  dissolved  in  hydrochloric  acid, 
it  gives  a  solution  which  becomes  of  a  violet  colour.  Boiled  with 
caustic  potash,  caseine  evolves  ammonia,  and  its  putrefactive 
products  are  similar  to  those  of  fibrin. 

Caseine  in  combination  with  sulphate  of  magnesia  freed  from 
fat,  and  in  aqueous  solution,  turns  a  ray  of  polarised  light  —  80°, 
in  weak  alkaline  solution  -  70°,  in  very  dilute  alkaline  solution 
-  87°,  in  strong  alkaline  solution  -  91°.  It  has  been  supposed 
that  caseine  is  held  in  solution  by  phosphate  of  lime,  but  this 
(according  to  A.  Schmidt)  is  erroneous ;  for  by  rapidly  removing 
by  diffusion  all  soluble  salts,  a  caseine  precipitate  can  be  obtained 
by  the  addition  of  an  acid. 

Serum  albumen  is  found  in  milk,  especially  in  the  beginning 
of  lactation.  Its  average  amount  in  cows'  milk,  according  to 
M.  Nenzcki,  is  3'14  per  cent.;  according  to  J.  Kuls,  it  is  from 
3-40  to  3-43  per  cent  ' 

The  albumen  may  be  precipitated  by  neutralising  with  acetic 
add,  warming  the  mixture,  and  then  adding  alcohol  to  the 
extent  of  about  70  per  cent,  of  the  whole  fiuid.  The  more  usual 
w»y  of  separating  the  albumen,  however,  is  to  dilute  the  milk 
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to  twenty  times  its  volume,  and  to  drop  from  a  burette  very 
dilate  acetic  acid,  until  a  slight  precipitate  begins  to  appear,  then 
OO2  is  passed  through  the  liquid,  and  the  diluted  milk  allowed 
to  stand  for  some  hours.  The  caseine,  mixed  with  fat,  settles  to 
the  bottom,  and  can  be  easily  separated  by  filtration.  The  clear 
filtrate  is  now  boiled,  and  the  albumen  precipitated. 

Pure  precipitated  serum  albumen,*  when  carefully  dried  at 
a  low  temperature  or  in  vactw,  is  a  yellowish,  brittle,  glassy- 
transparent,  and  somewhat  hygroscopic  substance.  If  fully  dry, 
it  may  be  heated  to  lOO^C.  without  decomposition.  In  water  it 
gives  a  clear,  glutinous  solution ;  it  turns  a  ray  of  polarised  yellow 
light  to  the  left  -  56°.  If  salts  are  present,  it  is  precipitated  by 
alcohol ;  but  carbonic,  acetic,  tartaric,  and  phosphoric  acids  do  not 
precipitate  albumen.  A  small  quantity  of  a  dilute  mineral  acid 
gives  no  opalescence;  with  a  larger  quantity  of  concentrated 
mineral  acid,  the  solution  becomes  troubled,  and  the  deviation 
of  a  ray  of  polarised  light  increased ;  and  through  a  still  larger 
quantity  of  acid,  it  is  precipitated  as  (zcid  albumen.  Pure  con- 
centrated hydrochloric  acid,  added  in  excess,  gives  first  a  floccu- 
lent  precipitate,  which  again  dissolves  into  a  clear  fluid,  and  in 
such  a  solution  the  rotation  of  a  ray  of  polarised  light  equals 
-  78*7°.  By  the  addition  of  water  to  this  solution,  a  flocculent 
precipitate  is  formed,  which  after  filtration  and  pressing  dissolves 
in  water,  and  shows  all  the  properties  of  hydrocJdorate  of  add 
albumen  ;  in  the  acid  solution  a  peptone-like  body  remains  unpre- 
cipitated.  Potash  or  soda-lye  changes,  in  like  manner,  serum 
albumen  into  alkali  albuminate. 

On  heating  a  solution  of  albumen  in  fluids  containing  salts  to 
a  little  under  80^  C,  it  coagulates  or  is  precipitated.  The  exact 
temperature  at  which  this  takes  place  is  influenced  by  the  salts 
present.  Common  salt  and  other  neutral  salts  of  the  alkalies 
lower,  carbonates  of  the  alkalies  raise,  the  coagulation  tempera- 
ture. By  most  salts  of  the  heavy  metals  albumen  is  precipitated, 
and  at  the  same  time  changed. 

Nudein,  O^i^^i^^fi^a^  ^^^  ^^*'  discovered  by  Miescherf  in 
pns  and  in  tho  yolk  of  eggs;  but  LubavinJ  was  the  first  who 
obtained  it  from  cows'  milk.  Besides  these  sources  of  nuclein, 
Verf§  has  found  it  in  beer-yeast ;||  P16sz  in  the  nuclei  of  the  rod 
bloodrcorpascles  of  birds  and  amphibia,  and  in  the  liver  cells ; 

*  It  is  almost  nnnecessary  to  say  that  the  method  given  does  not  precipi- 
tate allmmen  in  a  pure  state  ;  pure  serum  albumen  can  only  be  obtaoned  by 
dialysing  a  solution  of  precipitated  albumen. 

t  Med.  Ohem.  Untersuchungen  herausgez.  v.  Hoppe  SeyUr.  Heft  4,  1872, 
a  441  nnd  s.  502. 

X  lb.,  a  486.  §  lb.,  8.  4G1.  II  Ih.,  s.  40.3. 
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and  lastly,  Miescher    and    Sertoli*  in  the  spermatic  fluid  of 
various  animals. 

Freshly  precipitated  nuclein  is  colourless,  amorphous,  easily 
soluble  in  ammonia,  soda  solution,  and  phosphate  of  soda,  and 
somewhat  soluble  in  water.  Strong  nitric  acid  imparts  no  colour 
to  nuclein  when  cold,  but  on  warmmg  it  becomes  a  pale  yellow, 
and  if  the  solution  be  saturated  by  ammonia,  a  deep  brown 
yellow.  Iodine  colours  it  slowly  and  weakly  yellow,  and  the 
tint  is  tolerably  permanent.  When  lead  oxalate  is  added  to  a 
solution  of  nuclein  in  sodium  acetate,  the  lead  salt  of  nuclein  is 
obtained  as  a  granular  precipitate.f  The  relation  of  lead  to 
phosphonis  in  the  precipitate  is  as  Pbj  to  P2. 

The  reaction  which  especially  separates  nuclein  from  other 
albuminoids  is  the  production  of  no  red  colour,  either  by 
Millon's  reagent,  or  by  a  copper  salt  added  to  a  solution  of 
nuclein  alkaUsed  by  soda-lye.  Sulphate  of  copper  precipitates 
dilute  solutions  of  nuclein,  and  the  copper  compound  is  insoluble- 
in  water.  Nitrate  of  silver,  as  well  as  chloride  of  zinc,  are  also 
precipitants,  but  the  solution  must  not  be  too  dilute. 

Nuclein  is  remarkable  for  its  high  percentage  of  phosphorus, 
the  formula  given  above  corresponds  to  9*61  per  cent.  Miescher 
found  9*59  per  cent. 

Lacto-prolein. — There  is  also  present  in  milk  a  small  quantity 
of  an  albuminoid  called  lacto-protein,  which  may  be  separated 
from  albumen  and  caseinc  by  adding  a  solution  of  carbolic  acid, 
and  then  warming. 

There  are  other  methods  of  separating  the  albuminoids,  e.g.^ 
Selmi,  fearing  that  acid  or  alkaline  reagents  alter  the  albuminoid 
constituents  of  milk,  exposes  the  fluid  to  cold.  This  has  tho 
effect  of  precipitating  a  gelatinous  caseine,  which  may  be  removed 
by  simple  filtration ;  the  filtrate,  on  the  addition  of  one-fifth  of  its 
volume  of  absolute  alcohol,  deposits  a  second  albuminous  body^ 
and  a  third  is  thrown  down  on  adding  its  own  volume  of  absolute 
alcohol. 

The  estimation  of  the  relative  quantity  of  the  different  nitro- 
genous substances,  though  of  minor  importance  in  the  general 
examination  of  milk,  becomes  of  great  interest  in  the  question  of 
whether  a  given  milk  is  derived  from  a  healthy  cow,  or  not. 
This  estimation  is  most  conveniently  carried  out  by  Mr.  Wank- 
lyn's  ammonia  process : — 5  cc.  of  milk  are  diluted  with  pure  water, 
so  as  to  measure  half  a  litre,  5  cc.  of  this  fluid  (equalling  -01  cc. 
of  milk)  are  placed  in  a  flask  and  boiled  with  a  strongly  alkaline 

♦  Verhandl  cL  Natur/orsch.  Oesellsclia/l  in  Basel,  1874,  vi.  1,  Heft,  s.,  138 
Oazelta  Med,  Veterinar,    Milono,  1872. 
+  Lubavin.     BuU,  80c,  Chhn,  [2],  xxxi.  21.3. 
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solution  of  permanganate  of  potash,  and  the  ammonia  in  the 
resulting  distillate  Nesslerised  and  estimated  in  the  usual  way. 
From  another  measured  or  weighed  quantity  the  caseine  is  pre- 
cipitated and  filtered  off,  but  in  other  respects  dealt  similarly 
withy  the  difference  between  the  two  estimations  giving  the 
albumen.  No  practical  purpose  is  served  in  pursuing  the  research 
further,  unless  a  complete  scientific  analysis  is  required,  in  which 
case  the  same  principles  may  be  applied. 

§  10.  Milk  Sugar f  G^B.^Oj^'B^'^f  ^^  ^^^^  hitherto  found  only 
in  human  milk,  in  the  milk  of  plant-eating  animals,  and  in  the 
milk  of  the  bitch,  and  it  is  the  only  sugar  that  has  been  recog- 
nised in  these  secretions.  It  forms  colourless,  hard,  glittering, 
and  often  tolerably  large  crystals  belonging  to  the  rhombic 
system.  The  specific  gravity  of  milk  sugar  is  1  *53,  its  solution 
turns  a  ray  of  polarised  light  to  the  right  =  +  58*2°.  It  is 
soluble  in  6  parts  of  cold  and  2i  parts  of  boiling  water,  but 
insoluble  in  absolute  alcohol  or  ether.  Its  watery  solution  has  a 
weak,  sweet  taste,  and  a  neutral  reaction.  Heated  to  lOO^C,  it 
gives  a  brown-coloured  solution ;  if  heated  carefully  to  150°C., 
it  loses  an  atom  of  water  without  further  decomposition.  Like 
grape  sugar,  milk  sugar  is  more  easily  decomposed  by  alkaline 
than  by  acid  solutions.  The  former,  even  at  common  tempera- 
tures, gradually  becomes  brown. 

Milk  sugar  combines  readily  with  bases.  If  hydrated  copper 
oxide  be  dissolved  in  a  solution  of  milk  sugar  to  saturation,  and 
the  saturated  liquid  evaporated  to  dryness  in  vacuo,  over  sul- 
phuric acid,  deep  blue  crystals  are  obtained  of  the  same  form  as 
those  of  milk  sugar  itself;  they,  however,  quickly  decompose 
with  separation  of  copper  oxide.  The  alcoholic  fermentation 
with  yeast  of  solutions  of  milk  sugar  is  but  imperfect;  but  on 
the  other  hand,  lactic  fermentation,  either  by  adding  to  the 
solution  a  little  cows'  milk,  or  cheese  and  chalk,  can  be^ easily 
induced,  at  a  temperature  not  beyond  that  of  the  blood ;  the 
lactic  fermentation  is  always  accompanied  by  the  formation  of  a 
little  alcohol  and  carbonic  anhydride. 

By  acetate  of  lead  and  ammonia,  milk,  as  well  as  grape  sugar, 
is  fully  precipitated  from  its  watery  solution,  whilst  boiling  with 
neutral  acetate  of  lead  neither  precipitates  nor  changes  it. 
Milk  sugar  reduces  oxides  of  copper,  bismuth,  and  silver, 
together  with  indigo,  as  easily  as  grape  sugar.  It,  however,. 
reduces  an  alkaline  copper  solution*  in  a  different  proportion 

•  The  standard  solution  is  34*64  grmg.  sulphate  of  copper  dissolved  in  200 
cc  of  water,  and  to  this  solution  is  added  a  solution  of  173  grms.  of  double 
tartrate  of  potash  and  soda  in  480  cc.  of  solution  of  soda ;  specific  gravity 
1  '140 ;  the  whole  made  up  to  1  litre.     (8ee  p.  7. ) 
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from  grape  sugar.  100  parts  of  milk  sugar  =  147*76  CaO 
{Muter).  (3ee  p.  7.)  If  milk  sugar  be  warmed  with  dilute 
nitric  acid,  mucic  acid,  tartaric  acid,  and  acetic  acid  are  among 
the  products;  if  the  decomposition  be  carried  further,  oxalic  add 
is  also  produced. 

§  1 1.  Aah  of  Milk — If  a  considerable  quantity  of  cows'  milk  be 
taken,  evaporated  down,  very  gently  charred,  and  then  extracted 
with  boiling  water,  the  filtrate  evaporated  to  dryness,  and  ignited 
with  great  care  for  the  soluble  salts,  and  the  charred  mass  (now 
freed  from  volatile  chlorides)  ignited  to  a  perfect  ash,  the  follow- 
ing will  be  its  average  composition 


K2O  . 
NasO 
CaO   . 
FeaOs 

PsOs  . 
CI  . 
MgO  . 


Peroent 
1»'82 
11-58 
22 -OT 

27-03 

16-23 

331 


The  ash  from  100  grms.  of  genuine  milk  will  approximate  to 
the  following  composition  : — 

Percent 
KoO   .......  1228 


NaaO 
CaO   . 
FejOa 
P2O5  . 
CI      . 

MgO. 


-0868 
•1608 
•0005 
•I<>22 
•1146 
•0243 

•7020 


About  one-third  of  the  chlorine,  in  the  ordinary  method  of 
burning  a  milk  residue,  volatilises,  so  that  the  amount  found  by 
analysts  is  generally  from  •OG  to  -09  per  cent.  If  the  ash  be 
treated  in  the  way  mentioned,  higher  figures  for  chlorine  will 
always  be  obtained. 

Those  different  substances  in  milk — fat,  caseine,  salts,  <fcc. — are 
partly  in  suspension,  partly  in  solution.  The  fat  is  certainly 
emulsified,  or  in  a  fine  state  of  division  disseminated  through  the 
liquid,  and  some  portion,  if  not  all,  of  the  caseine  would  also  appear 
to  be  in  suspension;  for  if  milk  be  filtered  through  a  porous 
earthenware  cell,  the  filtrate  contains  albumen,  but  no  caseine.— 
{Baumhauer-Knapp,)  On  allowing  milk  to  rest,  some  portion  of 
the  fat  rises  to  the  surface  in  the  shape  of  cream ;  but  however 
long  milk  may  stand,  the  lower  stratum  always  retains  some 
milk  £ftt.  The  most  complete  removal  of  the  fat  in  the  shape  of 
cream  is  obtained  by  adding  a  little  water  to  the  milk,  and  then 
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allowing  it  to  stand  in  large  open  pans  in  a  warm  place  ;  in  other 
words,  strictly  following  the  practice  of  the  Devonshire  dairy 
men  in  making  ^* DetHmshire  cream" 

§  12.  Average  Composition  of  MUk, — The  cardinsJ  point  on 
wyjck  the  analysis  of  milk  depends  is  its  fistirly  constant 
cottpoaition.  This  was  first  rigidly  demonstrated  by  Mr. 
Waoklyn  in  his  treatise  on  *'  Milk  Analysis,"  published  in  1874  ; 
and  aU  subsequent  researches,  a  few  of  great  value,  have 
done  little  but  confirm  his  conclusions.  Mr.  Wanklyn,  in  the 
^eatise  alluded  to,  divided  milk  into  '^ solids  not  fat"  which 
inclades  the  albuminoid  principles,  the  ash,  and  the  sugar,  and 
^^fcUj"  the  main  constituent  of  the  cream.  He  showed  that 
the  "  fat"  varied  within  somewhat  wide  limits,  whilst  the  "solids 
not  fat*'  in  healthy,  fairly  milked  cows,  never  fell  hdow  9*0  per 
cent.,  the  average  being  somewhere  between  9  and  10  per  cent. 
This  standard  of  the  amount  of  solids  was  subsequently  adopted 
by  the  Society  of  Analysts,  who  resolved  to  consider  all  milk  sold 
as  new  milk,  adulterated,  which  contained  less  than  9-0  per  cent. 
of  solids  not  fat,  and  2-5  per  cent,  of  milk  fat.  The  following 
table  gives  the  average  composition  of  new  milk  : — 


Avenge 

Ooantry  Milk. 

(Wanklyn.) 

Average 

Town-fed  MUk. 

(Wanklyn ) 

Miikof 

Alderney  Cow. 

(Wonklya) 

Slean  Besaltn 
of  Analysia  of 

181  Cow8. 
(Carter  Ball.) 

Water,  .... 

Fat, 

Caaeine,     .     .    . 
Milk  Sngar,    .    . 
Ashy       .... 

Solids  not  nity 

Per  cent 
by  weight 

87-55 

307 

4-04 

4-62 

-72 

Per  cent, 
by  weight 

85-94 

401 

5  02 

4  30 

•73 

Per  cent 
by  weight. 

87-34 
3-22 
4-61) 
4-13/ 
•70 

Per  cent 
by  weight 

86-20 
3-70 

9-14 

-76 

100-00 
9-38 

10000 
10-05 

100  00 
9-44 

9-90 

i  TML  Solids,  .    . 

12-43 

1406 

12-66 

13-80 

Some  hundreds  of  analyses  might  be  collated,  showing  that, 
pTftctically,  the  standard  adopted  permits  the  milkman  to  water 
his  milk  at  least  2  per  cent.  For  instance,  in  the  analysis  made 
roceaily  by  Mr.  Carter  Bell  *  of  the  milk  of  183  cows,  milked  in 

An^lt/it,  No.  21,  1877. 
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Ills  presence,  the  lowest  percentage  of  solidfl  not  &t  is  given  as 
9*2.  Now,  to  such  a  milk,  water  could  be  added  in  the  proportion 
of  2\  per  cent.  Six  of  Mr.  Bell's  cows  averaged,  solids  not  &t, 
11*3  per  cent,  and  such  milk  could  be  watered  20  per  cent, 
Lastly  {mde  Table),  Mr.  Wanklyn's  average  country  milk  could 
be  watered  4  per  cent.,  his  average  town  milk  10  per  cent.,  the 
milk  of  the  Aldemey  cow  4^  per  cent.,  and  Mr.  Bell's  mean  of 
the  milk  of  181  cows  9  per  cent.,  to  bring  it  down  to  the  Sodety 
of  Analysts'  standard.  If,  knowing  these  facts,  any  large  firm 
should  choose  to  send  their  milk  out  by  analysis,  carefully  worked 
down  to  the  lowest  standard,  the  public  would  not  be  a  loser ; 
for,  taking  the  commercial  milk  of  the  country  as  a  whole,  it  is 
greatly  to  be  feared  that  the  average  percentage  of  solids  wou^d 
be  found  under  the  lowest  estimate  of  the  Society. 

§  13.  Fore-tnilk, — The  average  composition  of  milk  has  been 
stated,  but  it  must  be  noted  that  milk  dirtctfrom  the  caWy  if  only 
partially  milked,  may  be  very  different  in  composition.  There 
is  a  milk  which  may  conveniently  be  called  fore-milk,  and  this 
milk  may  be  almost  destitute  of  cream.  Two  cases,  at  least,  are 
on  record  (one  of  them  happening  to  the  writer),  in  which  milk- 
men endeavoured  to  throw  discredit  on  certain  analysts  in  par- 
ticular, and  chemical  investigation  generally,  by  having  a  cow 
only  partially  milked  in  the  presence  of  such  officials  as  police- 
men, &c.,  and  sending  this  milk  to  be  analysed; — e.g,,  in  a  sample 
of  fore-milk  the  author  found — 

Solids  not  fat, 9*70 

Fat :        .  -20 

Water, 90  10 

100-00 

Ash, -72 

Specific  gravity,      ....         1035 

This  milk  was  sent  to  two  other  analysts  with  similar  results. 
In  view  of  the  possibility  of  such  cases,  it  is  best  to  certify  all 
milk  deficient  in  cream  as  having  had  the  cream  "abstracted" 
discarding  the  word  "  akirnming,^^  for  fat  may  bo  abstracted  in 
other  ways  than  those  commonly  known.  With  regard  to  a 
magisterial  decision  in  "  fore  "-milk,  see  p.  64. 

§  14.  Skim  Milk. — Skim  milk,  as  its  name  denotes,  is  milk  which 
has  been  deprived  of  a  portion  of  its  cream.  As  existing  in  com- 
merce, it  varies  in  its  content  of  fat  from  about  2  to  1  per  cent., 
but  if  unwatered,  the  solids  not  fat  are  rather  higher  than  in  the 
milk  from  which  it  has  been  derived.  Notwithstanding  this  fact, 
which  admits  of  abundant  proof,  the  Society  of  Analysts  have 
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suggested  that  skim  milk  should  contain  at  least  9  per  cent,  of 
milk  solids,  and  it  is  the  custom  of  analysts  to  pass  skim  milk 
which  comes  up  to  this  standard. 

§  15.  The  Analysia  of  Milk  is  very  simple.  A  known  quantity  is 
ined  up,  the  loss  equals  the  water;  the  residue  is  exhausted  by 
siher,  the  loss  equals  the  fat;  the  remainder  is  now  treated  with 
ireak  alcohol,  the  loss  equals  the  milk  sugar;  and  lastly,  the  resi- 
Ine  is  burnt  and  weighed  as  ''ash." 

Before  all  these  operations,  it  is  usual  and  advisable  carefully  to 
take  the  specific  gravity  of  the  milk  in  the  ordinary  way  by  a 
ipecific  gravity  bottle.  Mr.  Wanklyn  very  rightly  throws  dis- 
aredit  on  the  lactometer,  but  the  specific  gravity  taken  with 
;reat  care  does  not  only  confirm  and  verify  the  results  of  analysis, 
bat  it  enables  the  ordinary  pipettes  to  be  used,  and  then  the 
results  to  be  stated  by  weight.  Genuine  milk,  with  no  great 
excess  of  cream,  will  be  found  to  vary  from  1029  to  1035;  the 
cream  lowering  the  specific  gravity,  the  total  solids  raising  it. 
Anything  below  1029,  according  to  the  writer's  experience,  is 
water,  save  in  those  exceptional  cases  of  very  rich  milks.* 

Specific  gravity  tables  have  been  constructed,  giving  the  per- 
centage of  water  both  in  unskimmed  and  skimmed  milk,  but  the 
data  are  not  as  yet  accurate  and  numerous  enough  to  be  relied 
apon,  and  therefore  need  not  be  reproduced  here.  After  the 
specific  gravity  is  taken,  the  solids  may  certainly  in  the  quickest 
way  be  dried  up,  as  proposed  by  Mr.  Wanklyn,  by  putting  5  cc. 
in  a  little  shallow  platinum  dish  over  a  water  bath ;  such  a  thin 
film  dries  up  in  from  2i  to  3  hours,  without  stirring  or  other 
manipnlation.  A  more  convenient  method,  however,  is  that 
advocated  by  Dr.  Redwood — viz.,  evaporation  in  porcelain  dishes. 
The  latter  are  of  a  capacity  of  nearly  50  grms.,  and  each  carries 
a  glass  stirrer,  and  bears  a  number,  and  its  weight,  including  that 
of  the  stirrer,  is  carefully  taken.  This  weight  will  often  be 
found  not  to  vary  materially  for  a  considerable  time.  The  dishes, 
in  number  according  to  the  amount  of  work  to  be  done,  are  sup- 
ported on  a  suitable  water  bath,  and  25  cc.  are  run  from  a  pipette 
into  each  dish ;  the  water  is  made  to  boil  strongly,  and  during 
the  operation  the  film  is  frequently  broken  up  by  the  glass  rod. 
As  the  process  proceeds,  frequent  manipulation  in  this  way  con- 

*  A  sample  sold  as  new  milk  to  an  in8i)ector,  the  writer  fouud  to  have  a 
•pedfio  gravity  1'0192.     It  contained— 

Solids  not  fat, 7*873 

Fat, 8-310 

Ash, '59 

It  was  probably  a  milk  known  in  the  trade  as  '*  fear  milk;''  that  is,  the 
inspector  was  known,  and  cream  either  added  or  served. 
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verts  tlie  solids  into  a  granular  powder,  from  which  the  fat  is 
easily  extracted  by  solyents.  The  total  residue  taken  by  this 
method  will,  according  to  the  writer's  experience^  be  a  little  in 
fjEivour  of  the  milkman;  e,g.y  a  milk  gave  as  a  mean  of  two 
analyses^ — 

5  cc.  in  a  platinum  dish,  13*35      (2^  hours), 
25  cc.  in  a  porcelain  dish,  13*4464  (3l  hours). 

Nevertheless,  the  larger  quantity  is  to  be  preferred  to  the  smaller; 
for  if  the  latter  be  taken,  it  necessitates  the  determination  of  fieit 
in  another  sample,  whilst  from  25  ca  the  four  chief  constituents 
of  the  milk  can  be  quantitatively  separated.  In  either  case,  at 
the  end  of  about  two  hours  the  dishes  should  be  cooled,  weighed, 
and  replaced  on  the  water  bath,  and  reweighed  every  quarter  of 
an  hour  until  the  weight  is  constant.  This  constant  weight  is 
seldom  delayed  beyond  three  hours. 

Extraction  of  the  Fat. — This  is  an  important  operation,  and 
permits  of  a  variety  of  manipulations. 

Mr.  Wanklyn  recommends  evaporating  for  about  an  hour 
10  cc. ;  softening  the  caseine  by  the  addition  of  a  few  drops  of 
alcohol,  then  exhausting  by  successive  quantities  of  ether,  passing 
the  ether  through  a  filter,  evaporating  the  filtrate,  weighing  it, 
and  thus  determining  the  fat  directly. 

The  practice  pursued  by  the  author  is  usually  to  pour  about 
CO  or  70  cc.  of  ether  on  the  granulated  milk  solids,  and  if  there 
be  no  necessity  for  the  analysis  to  be  concluded  that  day,  it  is 
allowed  to  stand  over  night.  Next  morning,  a  funnel  connected 
with  an  inverted  Liebig's  condenser  is  placed  over  the  dish,  and 
the  ether  boiled  for  from  five  to  ten  minutes,  or  even  longer. 
Some  little  concentration  of  the  ether  occurs,  but  if  the  funnel 
fit  properly  nearly  all  runs  back  into  the  dish.  The  ether  is  poured 
away  through  a  filter  into  a  waste  ether-bottle,*  and  two  suc- 
cessive portions  of  ether  are  used  in  a  similar  way ;  the  solids  are 
now  freed  from  ether  by  evaporation  at  a  very  gentle  heat,  any- 
thing which  has  escaped  on  to  the  filter  paper  added,  and  the 
whole  weighed,  the  loss  being  equivalent  to  the  fat. 

Some  chemists  prefer  to  mix  the  mDk  solids  with  sand  or 
powdered  glass,  since  the  fine  powder  thus  obtained  is  very  easily 
exhausted  from  the  fat  by  solvents.  Others  put  the  solids  into 
a  long  tube,  let  it  stand  over  night,  then  raise  the  boiling  point  of 
the  ether  by  closing  the  aperture  of  the  tube  by  the  thumb,  whilst 
the  lower  portion  is  immersed  in  warm  water. 

*  When  Eufficient  ether  is  collected  in  the  bottle  it  is  distilled,  a  little 
caustic  lime  and  chloride  of  calciiim  added  to  the  distillate,  and  then  redis- 
tilled. 
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Filially^  the  milk  solids  may  be  transferred  to  any  apparatus 
mmilar  to  Fig.  11,  and  effectually  and  economically  exhausted 
by  a  relatively  small  quantity  of  solvent.  The  solvent  itself  may 
also  be  varied;  pure  benzole,  for  example,  will  give  quite  as  good 
results  as  ether. 

Hie  various  modifications  that  have  been  enumerated  will,  in 
trustworthy  and  experienced  hands,  give  practically  the  same 
results.  However,  as  the  mixing  with  foreign  substances,  the 
tranaferenoe  of  the  solids  from  the  dish  to  tubes,  kc,  necessi- 
tate the  use  of  a  separate  portion  of  the  milk  for  the  '^  ash,  '*' 
direct  treatment  of  the  solids  in  the  original  dish  appears  to  have 
some  advantage ;  besides  which,  there  is  always  danger  of  acci- 
dental loss  in  the  removal  of  the  solids — a  risk  varying  with  the 
skill  and  care  of  the  operator.  But  on  these  objections  no  great 
stress  need  be  laid. 

SoUds  not  fat — The  fat  removed,  the  important  factor  "  solids- 
not  &t"  is  obtained.  It  is  now  open  for  the  analyst  (and  in 
ordinary  work  the  usual  course)  to  burn  up  the  solids  in  a 
platinum  dish,  and  thus  obtain  the  ash,  making  no  estimation  of 
the  relative  quantity  of  albuminoids  and  milk  sugar,  this  estima- 
tion being  in  nine  cases  out  of  ten  of  no  value  whatever  asr 
respects  adulteration. 

The  solids  freed  from  fat  may  be  scraped  into  a  platinum  dish 
(or  10  cc.  of  milk  may  be  evaporated  specially  for  this  purpose),. 
and  ignited  at  the  lowest  possible  temperature,  for  the  j)hos- 
phates  fuse  rather  easily,  and  thus  enclose  particles  of  carbon,^ 
which,  at  a  red  heat,  render  complete  combustion  difficult.  The 
volatilisation  of  the  chlorides  may  be  in  a  great  degree  controlled 
by  covering  the  dish  with  platinum  foil.  "When  the  ash  ceases. 
to  diminish  in  weight,  the  final  weighing  is  taken  with  great; 
care,  the  ash  further  examined,  and  the  following  points  noted : — 

(1.)  A  milk  ash  should  be  white,  or  very  nearly  so. 

(2.)  It  should  contain  no  sulphates. 

(3.)  It  should  only  contain  a  trace  of  alkaline  carbonate. 

(4.)  It  should  contain  no  excess  of  chlorides. 

If  the  weight  of  the  ash  agrees  with  the  estimation  of  the 
milk  solids,  and  responds  to  the  above  tests,  mineral  adulteration 
is  not  likely.  Mere  watering  of  the  milk  diminishes  the  ash; 
but  if  it  be  watered  and  adulterated  as  well  with  carbonate  of 
soda  or  similar  substances,  the  ash  may  either  be  of  normal  or 
excessive  weight.  In  some  rare  cases  a  very  hard  gypsum-hold- 
ing water  may  have  been  added  to  the  milk,  and  reveal  its 
presence  by  an  ash  containing  sulphates.  Such  an  inquiry,. 
. however,  demands  the  evaporating  down  and  burning  up  of 
inconveniently  large  quantities  of  mUk  (at  least  100  cc).    To  take 
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the  case  of  a  water  containing  10  grains  per  gallon  of  sulphate 
of  lime  (10  mgrms.  in  70  cc.),  a  milk  watei^  10  per  cent,  would 
yield  about  1*4  mgrm.  of  SO3  from  100  cc. 

The  chlorides  are  taken  in  the  ordinary  way  by  titrating  with 
a  solution  of  silver  nitrate,  each  cc.  of  which  equals  1  mgrm.  of 
chlorine,  4*79  grms.  to  litre,  using  as  an  indicator  neutral 
chromate  of  potash.  The  presence  of  alkaline  carbonate  is 
denoted  by  effervescence,  and  the  amount  present  is  estimated 
by  d.  n.  acid.  Such  an  examination,  only  occupying  a  few 
minutes,  is  for  practical  purposes  quite  sufficient,  unless  some 
exceptional  case  arise  demanding  a  more  or  less  complete  quali- 
tative and  quantitative  estimation  of  the  ash. 

If  the  amount  of  caseine  and  milk  sugar  be  required,  they  may 
both  be  determined,  or  one  only  estimated,  and  the  other  found 
by  difference.  The  most  convenient,  and  an  extremely  rapid, 
method  of  determining  caseine  is  the  one  devised  by  Mr.  Wank- 
lyn — viz.,  to  take  5  cc.  of  milk,  dilute  it  with  water  in  a  half-litre 
flask  to  500  ca,  and  then  of  this  diluted  fluid  distil  5  cc.  (  =  ^hf 
cc.  milk)  with  a  strongly  alkaline  solution  of  permanganate  of 
potash,  and  estimate  the  ammonia  in  the  distillate,  either  colori- 
metrically  by  "  Nesslerising "  or  by  titration.  '065  of  ammonia 
equals  1  part  by  weight  of  caseine.  The  following  table  will  save 
calculation : — 


NHs 
Mgrm. 

•01 

•02 

•03 

•04 

•05 

•06 

•07 

•08 

•09 


Albnminoida 

calculated  aa 

Caseine. 

Mgrm. 

•154 

•308 

•462 

•616 

•770 

•924 

1^028 

1^232 

1386 


A  less  expeditious,  but  very  accurate,  way  of  estimating 
caseine,  is  to  make  a  combustion  of  about  *5  to  '7  of  the  dry 
solids  with  oxide  of  copper.*  The  amount  of  nitrogen  found, 
multiplied  by  6*33,  equals  the  caseine. 

The  above  are  more  or  less  direct  methods,  but  the  one  in 
H^eneral  use  by  analysts  is  simply  to  abstract  the  milk  sugar  from 
the  caseine,  and  directly  weigh  the  latter  with  its  associated  ash, 
the  ash  being  subsequently  determined  by  ignition,  and  subtracted 
from  the  total  weight.     This  method  has  the  advantage  of  esti- 

•  Allmminoidi  do  not  give  up  all  their  nitrogen  if  ignited  with  soda  lime. 
PfiOger^t  Archiv./.  PhynologU,  vj.,  p.  284. 
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Tnating  the  milk  sugar  as  well.  It  is  performed  as  follows : — 
The  milk  solids  freed  from  fat  are  treated  first  with  alcohol  of 
W  per  cent.,  and  then  finally  extracted  with  boiling  water,  so  as 
in  point  of  &ct  to  dissolve  the  sugar  out  with  weak  alcohol. 
The  solution  is  filtered  and  evaporated  to  dryness,  weighed, 
ignited,  and  then  again  weighed,  when  the  loss  equals  the  milk 
sugar,  and  the  residue  equals  the  small  quantity  of  soluble  ash 
which  has  been  dissolved  by  the  preceding  operations.  The  caseine 
is  then  determined  in  precisely  a  similar  way  to  that  before 
described.  The  milk  sugar  may  also  be  determined  by  taking  a 
known  volume  of  milk,  precipitating  the  caseine  by  acetic  acid, 
filtering,  and  then  diluting  with  nine  or  ten  times  its  volume 
of  water,  and  titrating  it  with  standard  copper  solution.  (See 
p.  7.) 

§  16.  Adtdteratione  of  Milk. 

The  only  adulterations  known  to  be  practised  in  this  country 
at  the  present  time  are — the  addition  of  water,  the  addition  of 
glycerine,  the  abstraction  of  cream  [whether  by  fractional  milk- 
ing, skimming,  or  other  means],  the  addition  of  salt,  of  borax^  of 
sodic  carbonate,  and  of  salicylic  acid,  and  lastly,  the  manufacture 
of  "  new  milk  "  from  condensed  or  concentrated  milks.  As  for 
chalk  and  water,  pulped-up  brains,  infusions  of  seeds,  and  the 
like,  popularly  believed  to  have  been  used  as  adulterants,  they 
are  in  the  present  day  unknown;  and,  indeed,  the  evidence  of 
such  adulteration  at  a  former  time  is  either  untrustworthy  or 
rests  on  some  solitary  case,  which  has  been  diligently  copied 
from  one  book  to  another.* 

The  addition  of  glycerine  to  milk  (of  which  one  case  is  recorded 
by  Dr.  Muter)  is  detected  as  follows: — The  dry  and  neutral 
milk  solids  are  freed  from  fiat  by  exhaustion  with  pure  anhydrous 
ether;  the  glycerine  is  then  dissolved  out  by  a  mixture  of 
absolute  alcohol  and  ether.  The  alcohol  and  ether  are  driven  off* 
by  gentle  evaporation,  and  the  glycerine  identified  by  its  physical 
properties  and  the  production  of  acroleine  fumes,  on  mixing  with 
a  little  sulphuric  acid  and  heating.f     The  milk  sugar  in  such 

*  The  writer  was  informed  by  an  analyst  last  year,  that  he  had  found 
Thoriejr^t  Food  for  Cattle  in  some  samples  of  milk.  It  was  ultimately 
proved  that  a  servant  of  the  dairpian  had  rejs^larl  v  contaminated  the  milk 
from  motives  of  revenfi^ ;  but  it  is  obvious  that  sucn  a  matter  is  wholly  dis- 
tincfc  from  adulteration. 

t  A  teft  for  flilycerine  has  been  recently  proposed  and  described  by  A.    . 
Seoier  and  A.  J.  G.  Lowe  {Chem.  Soc  /oum.,  r^o.  clxxxix.,  Sept.,  1878). 
It  depends  upon  the  fact  that  glycerine  sets  free  boracic  acid  from  ooraz.    A 
little  powdered  borax  is  placed  in  a  watch-glass,  and  the  solution  to  be 
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cases  miist  be  estimated  by  copper,  and  the  albuminoids  either 
by  a  nitrogen  combustion  or  by  the  ammonia  process.* 

The  addition  of  common  salt,  carbonate  of  soda,  or  other  mineral 
advlterant,  will  be  indicated  by  the  relation  of  the  ash  to  the 
caseine  being  abnormal^  and  also  by  the  chemical  characteristics 
of  the  ash  itself.  The  chlorine  will,  of  course,  be  raised  if  com- 
mon salt  has  been  added,  and  if  sodic  carbonate  is  present. 
Effervescence  on  the  addition  of  d.  n.  acid  and  the  unwonted 
alkalinity  will  at  once  betray  it. 

The  detection  of  borax  in  large  quantities  is  easy,  in  small 
difficult.  At  least  200  cc.  of  milk  should  be  taken,  alkalised 
by  sodic  carbonate,  evaporated  down  in  a  large  platinum  dish, 
and  gently  ignited  to  an  ash.  This  ash  is  decomposed  with 
sulphuric  acid,  the  excess  of  acid  driven  off  by  heat,  and  ihea 
the  freed  boric  acid  dissolved  out  by  alcohol.  The  alcohol  is 
concentrated  at  a  very  gentle  heat  until  its  bulk  does  not  exceed 
that  of  half  a  cc. ;  this  is  then  set  on  fire  in  a  shallow  watch-glass, 
and  the  flame  (which  will  be  green)  examined  by  the  spectro- 
scope ;  the  bands  occupy  the  position  shown  in  Fig.  2. 

tScdicylic  add  is  detected  by  the  processes  described  in  the 
article  on  Beer.f 

§  17.  Calculalion  ofrestdts. — Mr  Wanklyn  has  endeavoured  to  in- 
troduce the  statement  of  results  in  grms.  yielded  by  100  cc.  of  milk, 

examined  (first  made  slightly  alkaline)  is  poured  on  to  it.  The  mixture  is 
stirred  with  a  ^lass  rod,  and  then  a  portion  introduced  on  a  loo])ed  platinum 
wire  into  the  flame  of  a  Bunsen  burner,  when,  if  glycerine  be  present,  the 
green  colour  of  boracic  acid  is  immediately  produced,  and  the  flame  will,  of 
course,  exhibit,  on  spectroscopic  examination,  the  well-known  bands  (see  Fig. 
2).  Ammoniacal  salts,  erythrite,  and  glycol,  give  with  glycerine  the  same 
reaction  ;  but  none  of  these  would  be  likely  to  be  present  m  milk. 

♦  Analyst  [25],  1878. 

t  Whilst  these  sheets  were  passing  through  the  press,  two  modifications 
of  the  ordinary  process  for  milk  analysis  have  been  described  : — 

(1.)  Mr.  A.  Adam,  in  a  commumcation  to  the  Acade'mie  des  Sciences, 
recommends  the  employment  of  a  glass  tube  of  40  cc.  capacity,  having  a  glass 
pipe  above  and  stopcock  below.  Into  this  is  introduced—first,  10  cc.  of 
alcohol,  containiDg  -^  of  its  volume  of  caustic  soda ;  secondly,  10  cc  of 
milk  ;  and  thirdly,  12  cc.  of  pure  ether ;  the  tube  is  dosed,  well  shaken,  and 
allowed  to  rest  for  ten  minutes,  when  it  separates  into  two  layers,  the  upper 
one  contaimng  all  tiie  fat.  The  remainder  of  the  process  essentially  consists 
in  sejiarsting  the  upper  from  the  lower  layer  in  the  usual  way  by  means  of 
the  stopcock,  the  recovery  of  the  fat  by  evaporating  the  ether,  the  coagula- 
tion of  the  caseine  by  acetic  acid,  and  the  estimation  of  the  sugar  by  Fehlicg's 
Bolution. 

(2.)  W.  C.  Heraeus  [Arch.  Pharm.  [3],  xiL  43),  places  10  grms.  of  the 
■ample,  mixed  with  XK>wdered  glass,  in  a  small  silver  boat,  which  is  placed 
in  an  iron  tube,  and  air  at  a  temperature  of  about  35^0.  is  drawn  over  the 
milk  tar  thirty  minutes,  a,%  the  end  of  which  time  it  is  completely  dry.  The 
ranainder  of  the  process  is  as  usual. 
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which,  since  the  average  specific  gravity  of  milk  is  102*9,  is  equiva- 
lent to  parts  by  weight  in  102*9  parts.  Such  a  method  has  one 
advantage,  viz.,  that  it  involves  but  little  calculation.  It  is,  how- 
ever, never  likely  to  come  into  general  use,  from  the  difficulty 
which  magistrates  and  others  out  of  the  scientific  world  find  in 
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Fig.  2. 

understanding  such  calculations.  The  writer's  own  practice  is 
always  to  state  the  parts  per  cent,  by  weight. 

The  specific  gravity  being  known,  the  residues  from  5,  10,  or 

25  cc.  are  multiplied  to  100,  and  this  number  divided  by  the 

'  specific  gravity,  the  result  being  parts  by  weight.     Thus,  25  cc. 

of  a  milk,  the  specific  gravity  of  which  was  102*8,  gave  2*5  grms. 

of  solids  : — 

2-5  X  4  (100)       ^  ..  ^  ,  .  ,  . 

Too.tt""  '  =  9w5  per  cent  by  weight. 

If  the  milk  has  been  simply  watered,  the  multiplication  of  solids 
not  fat  (  =  «)  by  100  and  dividing  by  9,  will  give  the  number  of 
parts  by  weight  of  genuine  milk  in  100  ( =  x)  : — 


100 


8   =  X, 


If  the  milk  has  been  simply  skimmed,  and  the  lowest  standard 
be  used,  then  if  the  solids  not  fat  ( =  «)  are  subtracted  from  the 
percentage  of  fat  ( =  /),  the  product  multiplied  by  2*5  and  divided 
by  9,  the  result  equals  the  percentage  of  fat  removed  =  x: — 


2^ 
9*0 


X  -   1/  =  X, 


Rnally,  if  a  milk  is  both  skimmed  and  watered,  the  following 
formula  may  be  used,  in  which  s  and/  mean  respectively  "  solids 
not  fat"  and  "fat,"  and  x  is  extraneous  water  : — 

-^^         100   +    2-5  - 

100 8  -  /  =  X. 

«/ 

The  above  calculations,  it  will  have  been  already  observed, 
merely  return  a  milk  as  watered  or  skimmed  according  to  a  cer- 
tain standard.  The  farther  the  original  milk  deviates  from  the 
standard,  the  greater  the  error  in  the  calculation.     One  thing  is, 
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however,  certain,  that  the  advantage  is  always  on  the  side  of 
the  milkman.  It  would  be  possible  to  make  the  calculation 
approximate  very  nearly  to  the  truth,  if  it  were  in  the  power  of 
magistrates  to  order  the  analysis  of  half-a-dozen  samples  on  con- 
secutive days  from  the  cow  whence  the  original  milk  was  derived ; 
but  such  a  course  is  wholly  unnecessary,  considering  the  extent 
of  our  present  knowledge  with  regard  to  the  variations  of  milk. 

One  of  the  most  frequent  questions  pat  to  analysts  in  court  is 
— How  much  water  is  there  in  milk  t 

This  simple  inquiry,  if  answered  suddenly  and  without  reflec- 
tion, may  cause  some  embarrassment,  for  two  milks  may  contain 
identical  quantities  of  water,  say  88*5  per  cent.,  and  the  one  au 
analyst  might  return  'as  genuine,  the  other  as  adulterated ;  for 
in  the  one  case  the  solids  not  fat  might  be  9,  the  &t  2*5,  in.  the 
other  the  solids  not  fat  8,  and  the  fat  3'5.  So  that  the  proper 
reply  is,  that  genuine  milk  has  never  been  known  to  contain 
more  than  88*5  per  cent,  of  water;  but  the  judgment  with  respect 
to  watering  depends  on  the  percentage  of  solids  not  fat,  and  a 
milk  with  even  a  less  porcentago  than  83*5  may  have  been 
watered. 

Decomposed  MUk. — The  putrescible  matters  of  milk  are  albumen, 
caseine,  and  milk  sugar.  The  fat  will  remain  for  a  long  time 
good,  and  the  ash  or  minoral  constituents  are  practically  perma- 
nent. The  most  common  change  is  the  "  lactic  fermentation,"  in 
which  some  small  quantity  of  ethylic  and  other  alcohols  are  formed, 
and  a  considerable  portion  of  the  milk  sugar  passes  into  lactic  acid. 
On  drying  such  a  milk  up,  the  lacbic  acid  may  char  the  residue, 
and  thus  there  will  be  loss;  besides  this,  since  lactic  acid  is 
soluble  in  ether,  if  the  milk  is  analysed  in  the  ordinary  way,  the 
ether  will  not  extract  fat  alone,  but  lactic  acid.  On  igniting  the 
ash,  chlorides  will  volatilise  more  completely  than  usual,  so  that 
the  ash  will  be  lower.  If  milk  is  kept  still  longer,  the  albumen 
and  caseine  become  putrid,  the  glycerldes  break  up,  and  there  is 
an  evolution  of  COj  and  ammonia. 

If  milk  is  kept  cool  and  in  the  dark,  there  often  occurs  slow 
fermentation,  entirely  analagous  to  the  fermentation  of  cheese 
(p.  81),  in  which  some  portion  of  the  caseine  changes  into  fat. 
This  change  is  of  great  importance  to  the  analysb,  especially  with 
regard  to  the  reference  of  samples  to  Somerset  House  —  the 
same  milk  analysed  at  difierent  dates  often  giving  from  1  to  2*5 
per  cent  more  fat  than  it  held  originally.*  This  fatty  change  of 
the  albuminoids  should  not  be  ignored  by  any  laboratory  of 

•  te  tfid  attkhot's  paper  on  the  Fatty  Metamorphosis  of  the  Albuminoids 
in  Milk  and  Ch«ew,  Analyst,  1878,  pp.  230-235. 
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appea],  or  a  &lae  charge  of  inaccuracy  may  be  brought  against 
an  analyst. 

The  complete  analysis  of  a  decomposed  milk  inyolves  the 
determination  of  the  total  residue — alcohol^  volatile  acids,  fat, 
sugar,  lactic  add,  ammonia,  albuminoids,  ash. 

(1.)  The  total  solids. — It  is  always  well,  if  the  milk  be  add,  to 
take  a  wdghed  quantity,  and  to  neutralise  it  carefully  with  a 
known  quantity  of  sodic  carbonate,  correcting  for  loss  of  hydrogen 
and  carbonic  dioxide,  thus  2C8HgO^  +  Na^COj  =  2C3H5Na03 
+  HjO  +  CO2,  and  also  for  the  weight  of  the  sodic  carbonate 
produced. 

(2.)  The  alcohol  is  obtained  by  exactly  neutralising  the  milk  with 
sodic  carbonate,  and  distilling  at  least  one-third.  The  flask  is  best 
connected  by  a  proper  cork  to  a  small  Liebig's  condenser,  and 
the  receiver  should  be  a  flask  with  a  mercury  valve,  the  whole 
forming  a  dosed  system,  rendering  loss  impossible.  The  liquid 
is  again  distilled  so  as  to  concentrate  the  alcohol  in  a  small 
bulk,  and  lastly  oxidised  into  acetic  acid,  in  the  way  described 
at  p.  131. 

(3.)  The  free  volatile  acids  are  estimated  by  distillation  on  the 
prindples  fully  described  in  the  article  on  Wine. 

(4.)  The  fat  is  obtained  by  exhausting  the  solids  by  petroleum 
ether,  or  ether.     If  the  latter  is  used,  it  will  be  necessary  first  to 
neutralise  the  milk  carefully  with  sodic  carbonate. 
(5.)  The  sugar,  as  described  p.  7. 

(6.)  The  lactic  acid  may  be  very  approximately  found  by  taking 
first  the  total  acidity  of  the  milk,  evaporating  nearly  to  dryness, 
dissolving  in  water,  again  titrating,  and  expressing  the  results 
as  lactic  acid. 

(7.}  The  ammonia  and  the  aliuminoids  are  determined  by  the 
usual  methods. 

(8.)  The  ash. — In  all  decomposed  milks  the  amount  of  ash  gives  a 
fair  indication  whether  any  watering  has  taken  place,  or  not.  At 
least  50  cc  of  neutralised  milk  should  be  taken,  and  an  estima- 
tion of  the  phosphoric  acid  and  chlorine  is  advisable.  In  com- 
pletely putrid  milks,  the  only  possible  data  upon  which  to  base  an 
opinion  must  be  derived  from  the  ash ;  questions  of  skimming 
under  such  circumstances  should  not  be  dealt  with.  Some 
chemists  appear  to  imagine  that  all  milks  decompose  according  to 
a  fixed  ratio.  This  certainly  is  very  erroneous,  and  a  supposition 
entirely  unsupported  by  facts.  The  decomposition  of  milk 
depends  upon  such  a  variety  of  drcumstances,  that  it  follows 
no  regular  course  or  law. 
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§  18.   Unliealtliy  and  Abnormal  MUks. 

One  of  the  chief  symptoms  of  "  lacteal  albuminuria, "  an  affec- 
tion from  which  cattle  suffer,  is  a  viscid,  stringy  condition  of  the 
milk  a  little  while  after  it  has  been  drawn.  Such  milk  is  highly 
albuminous,  containing  from  8  to  1 2  per  cent,  of  albumen.  Samples 
of  milk  causing  flatulence  and  diarrhoea  in  young  children  are 
occasionally  brought  to  the  writer,  and  doubtless  to  others ;  they 
all  agree  in  entering  rapidly  into  lactic  fermentation ;  but  so  &r 
as  is  known,  there  is  no  absolute  impurity  or  poison.  The 
cause  may  be  referred  either  to  dirty  cans,  foul  dairies,  or  in  a  few 
cases  to  some  local  affection  of  the  cow's  udder.  Blue  millu*  are 
on  record,  probably  due  to  some  fungoid  growth ;  accofding  to 
Moslem,  they  have  caused  intestinal  disturbance  in  children. 

Milk  is  influenced  by  diet.  In  this  way,  bitter  and  piirgative 
principles  taken  by  the  mother  are  liable  to  be  excreted  by  the 
mammary  glands ;  thus  the  bitter  of  the  turnips  is  tasted  in  the 
butter,  and  a  successful  method  of  giving  a  suckling  infant  a 
purgative  is  to  indirectly  administer  it  through  the  system  of 
the  mother.  This  being  so,  it  is  in  no  way  surprising,  if  occasion- 
ally milk  should  be  ))oisoned  through  an  animal  eating  poisonous 
herbs.  In  June,  1875,  the  inhabitants  of  the  Rione  Borge  in 
Home  suffered  from  an  epidemic  of  gastro-intestinal  irritation ; 
the  cause  was  traced  to  the  use  of  goats*  milk,  the  goats  having 
browsed  on  the  meadow  saffron.  Professor  Haiti  succeeded  in  iso- 
lating colchicine  from  the  milk.f  Of  recent  years  much  attention 
has  been  given  to  the  spread  of  the  contagion  of  such  diseases  as 
scarlet-  and  typhoid-fever  by  milk.  The  cases  are  too  numerous 
now  to  deny  that  sometimes  these  fevers  are  propagated  through 
the  medium  of  the  milk.  Some  of  the  instances  cited  are,  however, 
to  the  writer's  mind  untrustworthy,  and  narrated  by  observers  who 
appear,  before  they  commenced  their  investigation,  to  have  resolved 
to  accuse  and  convict  the  milk.  It  must,  of  course,  be  borne  in 
mind,  that  the  milk  in  cases  where  it  has  really  been  the  agent 
is  not  itself  in  fault,  but  has  been  contaminated  with  infected 
water,  epithelial  scales,  and  other  substances,  and  plays  pretty 
well  the  same  part  as  an  infected  garment,  or  as  any  liquid 
polluted  with  specific  excreta. 

A  very  serious  question  has  of  late  years  been  discussed,  on 
the  possible  transmission  of  tubercular  disease  by  milk.     In  1860, 

*  This  blae  fnngiis  {Oidium  lactis)  at  times  prevails  over  lar^  tracts  of 
ooontry  on  the  Ckmtinent,  and  causes  great  individual  loss  to  dairy -keepers. 
In  BnglaiKl  it  is  of  extreme  rarity. 

t  Smular  illness  has  been  caused  in  the  Western  States  of  America  aud  in 
Aiitnli%  by  the  milk  of  cattle  which  had  fed  on  poisonous  shrubs  or  herbs. 
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Gerlach  fed  two  calves,  two  pigs,  one  sheep,  and  two  rabbits  with 
the  raw  milk  from  a  phthisical  cow  for  from  twenty-one  to  fifty 
days ;  the  whole  of  the  animals,  with  the  exception  of  one  which 
di^  from  foot  and  mouth  disease,  suffered  from  severe  illness, 
and  the  post-mortem  examination  showed  the  pathological  signs 
of  tubercle.  Klebs  subsequently  made  a  similar  experiment,  and 
fed  nine  guinea-pigs  with  milk  from  a  phthisical  cow,  and  the 
animals  also  became  tuberculous.  Still  more  striking  was  the 
accidental  infection  of  a  large  St.  Bernard  dog,  from  drinking  milk 
of  a  phthisical  cow,  detailed  at  length  in  Klebs'  memoir.  Several 
other  observers  have  since  endeavoured  to  propagate  tubercular 
disease  by  feeding  various  animals  with  the  milk  of  diseased  cows, 
with  the  following  results  as  summarised  by  Bollinger: — 

Three  pigs — one  successful,  two  doubtful  cases. 

Three  calves — two  successful,  one  died  accidentally  during  the 
course  of  the  experiment. 

One  lamb — successful. 

Two  dogs — both  unsuccessful. 

Two  cats — both  unsuccessful 

Fourteen  rabbits — two  successful,  six  unsuccessful ;  the  re- 
mainder were  fed  with  the  boiled  milk,  and  the  experiment 
was  negative. 

On  the  other  hand.  Harms  and  Gunther  (although  successful  in 
inducing  tuberculosis  in  rabbits)  state,  that  the  young  rabbits 
sucking  their  mothers  thus  artificially  phthisical,  remained  free 
from  disease.  Dr.  Schreiber  has  failed  to  induce  tuberculosis  in 
rabbits ;  and  lastly,  according  to  E.  Perroncito  of  Turin,  a  whole 
family,  consisting  of  a  man  and  wife  and  two  children,  drank  for 
eight  days  the  milk  of  a  cow  most  decidedly  tuberculous,  as  proved 
by  an  autopsy,  yet  two  and  a  half  months  after,  at  the  date  of  his 
memoir,  they  remained  well.  It  may  then  be  legitimately  con- 
cluded that, — 

(1.)  A  disease  similar,  if  not  identical,  with  tuberculosis  may  be 
propagated  from  animal  to  animal  by  the  means  of  a  milk  derived 
from  a  diseased  cow. 

(2.)  That,  therefore,  such  milk  is  unfit  for  human  food. 

(3.)  That  nothing  definite  is  known  with  regard  to  the  propaga- 
tion of  tubercle  from  the  lower  animals  to  man. 

lu  any  case,  phthisis  in  cows,  although  it  may  be  a  rare 
and  occasional  danger,  is  not  one  of  any  magnitude.  The  milk 
ef  an  animal  thus  diseased  so  rapidly  decreases  in  quantity, 
that  the  cost  of  maintenance  exceeds  the  returns  of  producei 
and  therefore  the  animal  is  soon  slaughtered.  The  disease 
also   appears  not  to  be  so  common  as  some   writers  believe. 
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M.  YaJlin,  aided  hj  some  of  the  most  eminent  Teterinarians  of 
Paris,  searched  for  four  months  in  vain  for  a  phthisical  cow,  and  in 
his  memoir*  he  states  that  out  of  28,000  beasts  slaughtered 
annually  at  the  abbatoirs,  the  carefully  inspected  viscera  of  only 
twenty  to  twenty-eight  bear  any  trace  of  tubercle,  while  those 
rejected  as  unfit  for  slaughter  are  an  insignificant  number. 

There  are  occasional  instances  of  apparently  healthy  cow& 
giving  an  abnormal  milk.  Mr.  Pattinson  found  a  roan  cow  give 
a  milk  characterised  by  a  remarkably  low  percentage  of  albu- 
minoids, and  so  much  common  salt  that  the  milk  tasted  saline. 
The  following  is  his  analysis  : — ^t 

Water, 9015 

Fat, 300 

Caseine, 2*00 

Milksagar, 3*90 

Ash, 0*95 

100*00 

Chlorine  in  ash,    .        .        .        .        .  0*27 

Equal  to  sodium  chloride,     .         .        .  0*44 

The  milk  in  anthrax  and  anthropoid  diseases  is  said  to  be  of  a 
dirty-bluish  colour,  streaked  with  blood,  and  soon  becoming 
putrid.  Diarrhoea  has  been  produced  from  its  use.  The  milk 
of  cattle  suffering  from  pleuro-piieumonia  has  been  drunk  with 
impunity,  and  the  same  may  be  said  of  that  from  cattle  suffering 
from  cattle  plague.  In  such  diseases,  however,  there  is  nearly 
always  early  suppression  of  the  secretion,  and  but  little  is  known 
of  the  chemical  qualities  of  the  iluid.  Milk  derived  from  rabid 
cows  also  does  not  appear  to  be  hurtful,;};  but  here  again  little  is 
known  of  the  matter. 

§  19.  Milk  from  Cattle  affected  hy  Foot  and  Mouth  Disease 

(Eczaiina  epizootica). 

Microscopical  Characters. — If  milk  bo  taken  on  the  first  day  of 
the  disease  and  microscopically  examined,  no  abnormal  elements 
whatever  may  be  discovered  in  it;  but,  on  the  other  hand^ 
instead  of  the  globules  remaining  free  and  separate,  as  is  usually 
the  case,  they  show  a  tendency  to  aggregate  into  groups — in 
other  words,  the  first  stage  is  aggregation  of  tJie  milk  corpuscles. 
About  the  third  day  some    new  bodies   (first  observed   and 

*  M.  Tallin — Lait  dfis  Yaches  Fhthisiques.  Annales  d'Jffygihne  publique, 

jfOj.  187a 

t  AmalifU,  May,  1876. 

t  JBfowa  CioHL  JSfat,  cur.,  voL  i.,  obs.  55.    Bandot  in  M6m,  dt  la  Sociitd 
Miak  d$  mL,  an.  1782^  t.  zi.,  p.  911. 
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described  by  the  author*)  make  their  appearance.  J^ These  con- 
sist of  elongated,  flattened,  highly  refractive  bodies,  ranging  in 
length  from  -g^  to  xoVir  ^^  *^  inch.f  In  some  there  are  divi- 
sions at  intervals,  which  appear  to  be  rather  the  contraction  of  & 
sarcode  substance  than  an  indication  of  cells.  These  bodies 
are  not  perceptibly  altered  by  dilute  acetic  acid  or  iodine,  nor 
are  they  stained  by  magenta.  By  the  fourth  day  they  are 
fewer  in  number  and  rather  larger.  In  the  later  stages  they 
are  absent. 

If,  as  frequently  happens,  there  are  ulcers  on  the  teats  them- 
selves, pus-cells,  epithelium,  and  blood  will  be  found  in  the 
milk«  These  are,  of  course,  accidental  products,  and  not  secreted 
by  the  gland;  frequently  there  is  a  circular  ulcer,  not  very 
evident  unless  looked  for,  just  within  the  teat,  and  this  ulcer 
contaminates  the  milk. 

§  20.  Chemical  Composition  of  tJie  Milk, — This  interesting  sub- 
ject requires  frirther  investigation.  The  writer  made  some  par- 
tial analyses  during  the  epizootic  of  1876,  the  results  of  which  are 
detailed  in  the  following  table.  The  analyses  are  termed  '*  partial," 
because  the  relative  quantity  and  the  nature  of  the  albuminoid 
constituents  have  not  been  determined,  and  this  in  diseased  milk 
is  all-important.  There  are  also  a  few  analyses  by  Mr.  Thomas  of 
Cardiff,!  the  results  diJQlering  greatly,  and  it  is  to  be  suspected 
that  in  these  cases  the  milk  was  contaminated  by  pus  and  blood  > 
so  that,  though  Mr.  Thomas*  analyses  represent  what  is  far  more 
likely  to  be  found  in  commerce,  viz.,  high  fatty  residues,  they 
probably  do  not  represent  entirely  the  secretion  of  the  mammary 
gland  in  aphthous  fever. 

It  will  be  necessary  now  to  inquire,  whether  the  milk  of  an 
animal  ill  of  aphthous  fev^r  should  be  certified  as  injurious  ta 
health,  or  not.  The  answer  to  this  question  sana  phrases y  is^ 
that  it  should  be  absolutely  condemned  as  unfit  either  for  man 
or  animals.  In  one  stage  of  the  disease,  indeed,  it  is  directly 
poisonous,  and  no  one  can  be  well  acquainted  with  the  literature 
of  aphthous  fever  without  knowing  that  a  number  of  calves  have 
suddenly  died  after  sucking  their  aphthous  mothers.  Such  cases 
have^  indeed,  fallen  under  the  author's  observation  in  the  epizootic 
of  1876.  Moreover,  the  milk  which  possessed  the  characters 
before  described  has  been  injected  by  the  writer  under  the  skin 
of  kittens,  and  also  been  given  by  the  mouth  j  in  both  instances 

■  Chem,  News,  voL  zxxii,  p.  245. 

f  This  obflervation  has  been  recently  confirmed  by  Mr.  Wigner  and  by  Mr. 
Heiflch.  See  On  Diaeased  Milk,  C.  Heiscb,  F.C.S.,  and  Some  Becent  Casea 
of  Diaeaaed  Milk,  G.  W.  Wigner,  F.C.S.     Analyst  [2(5],  May,  187b. 

X  Chan,  News^  xxziL,  836. 
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the  animals  appeared  perfectly  well  for  a  short  time,  and  then 
died  in  convulsions.  The  post-mortem  appearances  of  the 
calves,  as  well  as  the  kittens,  revealed  intense  pulmonary 
congestion.  Professor  Simonds  has  also  given  tbe  infected  milk 
to  pigs  with  a  £Ettal  result ;  Professor  Brown  to  cats,  and  in  the 
latter  it  has  induced  evident  indisposition.  In  addition  to  this 
proof  of  absolutely  poisonous  properties,  there  are  numer- 
ous cases  on  record  in  which  it  has  propagated  the  disease 
itself. 

The  first  definite  notice  of  the  propagation  of  aphthous  fever 
by  milk  is  in  a  small  Latin  work  by  Michel  Sagar,  1765,*  in 
which  he  treats  of  the  aphthous  fever  prevailing  in  Moravia 
(176S-64),  and  declares  tbat  the  milk  of  the  sick  cows  communi- 
cated the  disease  to  dogs,  cats,  and  people  who  made  use  of  it. 
Moreover,  there  exists  the  important  evidence  of  actual  experi- 
ments upon  man. 

In  the  year  1834,  MM.  Wenberburg,  Tilgner,  and  Lebnard 
observed  several  cases  in  Germany  of  the  transmission  of 
the  disease  by  milk;  and  three  Germtln  veterinarians,  MM. 
Hertwig,  Mann,  and  Villain,  in  order  to  set  the  question 
at  rest,  made  themselves  the  subject  of  experiment.  The  cow 
chosen  was  one  which  had  been  seriously  affected  for  five  or 
six  days.  Each  took  a  pint  of  the  warm  milk  for  four  con- 
secutive days.  On  the  third  day  from  tbe  commencement  of  the 
experiment,  M.  Hertwig  shivered,  became  feverish,  and  had  un- 
easy sensations  in  the  skin  of  the  hand  and  between  the  fingers ;  by 
the  sixth  day,  counting  from  the  commencement  of  the  symptoms, 
the  mucous  membrane  of  the  mouth  was  swollen ;  by  the  seventh, 
vesicles  had  formed  on  the  edge  of  the  tongue,  the  lips,  and  the 
internal  surface  of  the  cheeks — the  largest  were  about  the  size  of 
a  lentil,  they  were  of  a  light  yellow  colour,  and  contained  a 
whitish  liquid.  At  the  same  time  vesicles  formed  on  the  hands 
and  fingers.  On  the  eighth  and  ninth  days,  the  vesicles  grew 
larger,  and  on  the  tenth  and  following  days  burst ;  the  fever  dis- 
appeared, the  ulcers  dried  up,  and  there  was  desquamation  of  the 
parts  affected  about  the  twenty-fourth  day.  MM.  Mann  and 
Villain  were  similarly  attacked,  but  in  a  less  degree. t  But 
these  direct  .experiments  are  not  the  only  facts  on  record  show- 
ing the  facility  with  which  the  milk  may  propagate  the  disease 
to  man. 

In  a  locality  in  which  there  was  an  aphthous  epizootic,  an  infant 
four  months  old  was  suddenly  seized  with  diarrhoea,  followed  by  an 
eruption  of  vesicles  in  the  inside  of  the  upper  lip.     It  subsisted 

*  Ltbellua  de  Aphthis  Pecoris,     Vienna,  1765. 
t  Nouveau  Dkthnnaire  de  Midecine  VeUrinaire, 
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on  milk  entirely,  and  jnst  previoTis  to  the  attack  had  taken  some 
milk  of  a  cow  in  thd  incubation  of  the  disease.*  In  the  practice  of 
Dr.  Crawford,  Beccles,  Suffolk,  over  one  hundred  cases  of  patienta 
suffering  from  vesicular  eruption  of  the  mouth  and  dumrhcea, 
occurred  synchronously  with  the  prevalence  of  foot  and  mouth 
disease  in  cattle;  several  of  the  patients  were  proved. to  have 
taken  milk  derived  from  diseased  cowB.t  Mr.  Fred.  Wallis, 
.F.B.C.S.,  communicated  to  Dr.  Thome  the  remarkable  instance 
of  thirteen  persons  simultaneously  affected  with  ulcers  on  the 
mucous  membrane,  over  the  lips  and  gums,  and  underneath  the 
tongue,  with  enlargement  of  tonsils  and  submaxillary  glands. 
All  these  patients  were  visitors  in  the  country  from  London,  and 
had  drunk  largely  of  milk  which  was  derived  from  a  dairy  where 
foot  and  mouth  disease  was  prevailing.^ 

Dr.  T.  Briscoe  has  recorded  a  most  severe  case  of  foot  and 
mouth  disease  occurring  in  the  person  of  a  fanner's  daughter. 
There  was  great  salivation,  a  peculiar  odour  about  the  breathy 
and  the  tongue  swelled  so  that  it  protruded  from  the  mouth,  and 
suffocation  at  one  time  was  dreaded.  On  the  twenty-seventh  day, 
there  was  hoemorrhage  from  the  tongue,  and  the  duration  of  the 
disease  altogether  was  thirty-six  days,  during  which  milk  alone 
was  taken.  Dr.  Briscoe  also  alludes  to  milder  cases  which  he 
observed  about  the  same  time  in  children  who  drank  the  milk  of 
diseased  cows.§  Mr.  Charles  Lingen,  Hereford,  has  published  a 
well-marked  case  of  aphthous  fever  which  occurred  in  the  person 
of  a  farmer's  child  who  habitually  drank  a  large  quantity  of  milk ; 
the  farmer  s  cows  at  the  time  were  suffering  from  foot  and  mouth 
disease.  II 

It  is  probable  that  since  milk,  in  the  making  of  butter  or  cheese, 
is  not  submitted  to  the  temperature  of  boiling  water,  the  con- 
tagion survives  the  process  of  churning  or  of  cheesemaking.  J. 
Schneider,  indeed,  affirms  that  he  has  seen  whole  families  made 
ill  by  the  consumption  of  butter  and  cheese  from  the  milk  of 
infected  cow8,1[  and  live  cases  of  injury  from  similar  milk  and 
butter  are  related  by  Boulay.** 

The  general  opinion  that  the  infected  milk  after  being  boiled 
is  harmless,  is  supported  by  the  following  incident : — "  Foot  and 
mouth  disease  having  been  brought  into  the  commune  of  Morchier 
by  a  pig  dealer,  it  extended  in  a  few  days  to  a  hundred  adult 

♦  Dr.  Thome's  Eeport  on  Foot  and  Mouth  Digeaee.     Aj>2Jendix  to  Twelfth 
Keport  qf  Medical  Ojficer  to  the  Ft  tt-y  Council. 
fOp,cU.  t  Op.  cit. 

§  Brit.  lied.  Jemmal,  Vol  ii,  1872,  p.  464. 
II  Brit  Med.  Journal,  Vol.  ii,  187G,  p.  2C. 
IT  Hensinger.  Pathol.  CojnpareS^  ii. 
**  Mtctuily  1  iz.,  ter.  5,  p.  651. 


§  21.]  MILK.  61 

animals  on  one  aide  of  the  village,  and  by  a  striking  contrast 
spared  the  calyes,  the  reason  being  that  the  proprietors  had 
followed  the  advice  given  them,  to  feed  the  latter  with  boiled 
lailk  and  water."* 

§  21.  Analysis  of  Ahnorm%l  Milks. — The  analysis  of  abnormal 
milks  should  be  preceded  by  a  microscopical  investigation. 
Pas  cells,  epithelium,  and  blood  may  be  readily  recognised  by 
any  person  who  has  made  himself  acquainted  with  the 
characteristics  of  those  bodies.  The  chemical  investiga- 
tion should  be  specially  directed  to  the  determination  of 
the  relative  quantity  of  albumen  to  caseine  proper,  to  the 
amount  of  chlorine  in  the  ash,  and  to  the  presence  and  amount 
of  urea.  Dr.  Baale  was  the  first  to  observe  that  in  pneumonic 
patients  practically  the  whole  of  the  chlorine  was  withdrawn 
from  the  urine.  It  is,  therefore,  probable  that  in  some  internal 
inflammatory  diseases  of  the  cow  attended  with  exudation,  the 
chlorides  in  the  milk  would  disappear.  This  hypothetical  obser- 
vation, however,  the  writer  has  hitlierto  lacked  opportunity  to 
verify.  Certain  diseases  of  the  kidney  cause  in  milk  an  increase 
of  urea,  and  though  the  presence  of  the  latter  may  be  found  in 
minute  traces  in  normal  milk,  any  quantity  capable  of  deter- 
mination would  be  evidence  of  ill  health. 

The  analysis  of  the  albuminous  principles  having  been  already 
detailed,  there  only  remains  to  describe  the  best  method  for 
separating  and  estimating  urea. 

The  process  is  carried  out  as  follows  : — The  milk  is  precipitated 
by  three  times  its  bulk  of  strong  alcohol,  filtered,  the  coagalum 
washed  with  alcohol,  the  filtrate  evaporated  at  a  moderate  heat 
over  the  water-bath,  and  the  residue  extracted  with  absolute 
alcohol.  This  alcoholic  extract  is  evaporated  at  a  gentle  heat, 
the  dry  residue  dissolved  in  water,  and  the  solution  precipitated 
drop  by  drop  by  basic  acetate  of  lead,  so  long  as  a  precipitate 
appears.  The  filtered  fluid  is  then  titrated  with  nitrate  of 
mercury  solution,  as  in  the  process  devised  by  Liebig,  but  must 
be  prevented  from  getting  too  acid  by  the  cautious  addition  from 
time  to  time  of  a  little  soda  solution.  The  precipitate  containing 
the  urea  may  now  be  filtered  off,  washed  with  water,  transferred 
to  a  small  retort  or  a  flask  with  a  lateral  tube,  and  distilled  two 
or  three  times  to  dryness  with  strong  potash  solution,  free  from 
ammonia,  the  ammonia  in  the  distillate  being  estimated  either  by 
titration  or  by  "  Nesslerising."  Or,  instead  of  decomposing  with 
potash,  the  precipitate  may  be  freed  from  mercury  by  SHa,  the 
filtrate  evaporated  nearly  to  dryness,  and  then  transferred  to  a 
tube  with  hydrate  of  baryta  and  a  little  chloride  of  barium. 

♦  Op.  cU.,  p.  604. 
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The  tube,  hermetically  sealed,  is  heated  in  an  oil-bath  to  200^0., 
from  three  to  four  hours,  and  after  cooling  it  is  opened,  the  result- 
ing carbonate  of  baryta  filtered  off,  well  washed,  and  ultimately 
decomposed  by  sulphuric  acid,  and  weighed  as  sulphate  of  baryta 
(I-  BaSO^  =  0-2574  urea). 

§  22.  Legal  Cases  relative  to  MUk, 
The  following  convictions  are  of  interest : — 

Appeal  caw  in  which  the  dtfence  was,  that  the  mUk  had  been  deprived  o/ 
cream/ram  being  wUntentionaUy  skimmed  by  serving  the  customers. 

This  case  occurred  at  the  liverpool  Sessions,  and  is  folly  reported  in  the 
'*  Analyst,"  1877,  p.  214. 

Dr.  Campbell  Brown  proved  that  the  milk  was  deprived  of  its  cream, 
the  appellant  afSrming  that  the  milk  had  been  put  into  an  eiffhteen-gallon 
can,  without  the  slightest  sophistication,  and  that  the  cream  had  beein  ab- 
stracted by  serving  the  customers. 

The  Recorder  said,  nobody  would  convince  him  that  a  milk  dealer 
could  not,  if  he  liked,  take  care  that  each  of  his  customers  should  get  a  fiur 
proportion  of  cream.  ...  He  was  perfectly  certain  that  the  milk  had 
not  been  skimmed,  but  that  it  had  been  weakened  by  the  process  of  selling 
to  the  earlier  customers.  He  was  certain  that  when  the  appellant  sold  the 
milk  to  the  earlier  customers,  he  knew  he  was  abstracting  the  cream  from 
it — not  skimming  tbe  milk,  but  abstracting  the  cream,  although  with  no 
fraudulent  intention.  He  was  equally  certain,  too,  that  the  appellant  sold 
the  residuum  of  the  milk,  knowing  that  it  had  been  reduced  to  the  condition 
in  which  it  was  when  he  sold  it.  He  was  quite  satisfied,  therefore,  that  an 
offence  had  been  committed  against  the  Act  of  Parliament.  .  .  .  The 
conviction  was  confirmed. 

The  officials  at  Somerset  House  have,  iu  an  appeal  case  also  declared  their 
belief  in  the  fact  that  milk  on  being  served  from  a  can,  in  the  usual  way, 
may  have  the  top  layer  of  cream  entirely  abstracted.  The  writer  has 
always  had  doubts  about  this,  for  the  difference  of  specific  gravity  between 
the  cream  and  the  solution  of  the  other  milk  solids  is  not  great,  and  the 
mere  use  of  a  dipper  in  serving  the  milk  stirs  it  up  sufficiently  to  render 
this  removal  improbable.  We  have,  however,  at  least  o)ie  definite  experi- 
ment on  this  subject. 

Mr.  Carter  Bell  states,*  "  One  day  in  July  I  bought  two  gallons  of  milk, 
and  analysed  it,  and  found  100  cc.  to  have  the  composition  of— 

Total  soUds, 12  30 

Fat, 2-70 

Solids  not  fat, 9-60 

The  milk  was  put  in  the  cellar,  and  at  every  hour  from  nine  in  the  morning 
till  twelve  o'clock  at  night,  one  pint  of  milk  was  taken  out  at  the  commence- 
ment of  each  hour,  and  a  portion  of  each  pint  was  analysed.  In  taking  out 
the  piut,^  great  care  was  taken  not  to  stir  the  milk,  the  measure  was 
simply  dipped  into  the  milk  and  taken  out.  The  whole  experiment  was 
conducted  throughout  in  the  fEtvour  of  the  milkman,  and  according  to  these 
experiments  it  is  more  advantageous  for  customers  to  be  late  than  early." 

♦  AnahjBt,  No.  21,  December,  1877,  p.  1C2. 
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Total  Solids. 

Fat 

8  o'clock  in  the  momins,        .                12*30 

2-70 

q 

12-68 

308 

10        „ 

12-68 

3-08 

11     ,. 

12-70 

3  10 

12       „ 

12-70 

310 

1  P-UL, 

12-24 

2-64 

2    „      . 

12-30 

2-70 

3    „       . 

12-28 

2-68 

4    ..       . 

12-88 

3-28 

6    „       . 

12-80 

3-28 

6    „      . 

12-40 

2-80 

7    „      . 

12-54 

2-94 

°       9> 

12-30 

2-70 

^        t» 

12-48 

2-88 

10    „ 

12-88 

3-28 

11  „ 

12-60 

3  00 

12    „ 

12-90 

3-30 

Manufacture  of  New  Milk  from  Condensed, 

The  only  interest  of  the  following  case  lies  in  the  revelation  it  affords  of 
the  tricks  of  the  trade.  A  man  was  summoned  by  his  employer,  a  dairyman, 
for  adding  dirty  water  to  milk.  The  prisoner  did  not  deny  the  accusation, 
but  cross-examined  the  prosecutor,  to  show  that  the  latter  had  been 
in  the  habit  of  making  his  men,  when  the  milk  ran  short,  mix  with 
water  a  quantity  of  white  stuff  that  was  kept  in  the  cellar,  and  take  out 
to  the  customers  to  make  good  the  deficiency  in  the  supply  of  good 
milk.  The  process  he  called  **  the  fake"  of  the  trade.  The  prosecutor 
admitted  that  he  kept  condensed  milk  to  make  up  the  supply  when  the 
demand  was  too  great,  the  **  white  stuff"  referred  to  by  the  prisoner.* 


Novel  Defence, 

A  defence  was  set  up,  in  a  Swansea  case,  that  the  poverty  of  the  milk  was 
owing  to  its  having  been  taken  from  a  cow  a  few  hours  only  after  she  had 
been  milked  dry.  Mr.  Morgan  instituted  experiments  on  this  point.  In 
eighteen  experiments  on  the  same  cow : — f 

Total  solids— 

ffighest, 17-60 

Lowest, 12-59 

Average, 1393 

Fat- 
Highest,  ......  8-60 

Lowest, 2-96 

Average, 4*41 

Solids  not  &t — 

Highest^ 9-95 

Lowest, 900 

Average,  .        .                        .  952 

*  Anai^st,  iL,  1878,  184.     , 

t  Proceedings  of  Society  of  Public  AnalysU,  i.,  1876,  p.  191. 
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Conmelhn  for  sdUng  "  Fore  "  Milk. 

In  Aagast,  1877,  a  dairy  proprietor  of  Dublin  was  proiecnted  for  telling 
milk  deprived  of  its  cream.  The  defendant  stated  that  it  was  "  fore  "  milk, 
and  that  he  had  sold  the  **  strippings  *'  as  cream.  The  mas^istrate  expressed 
liis  opinion  that  the  milk  should  hie  sold  whole,  i,e.,  with  both  ^fore  **  milk 
and  *'  strippings/*  and  fined  the  defendant  £10.* 

Diseased  MUk, 

At  the  Woolwich  Police  Court,  in  December,  1875,  a  dairyman  wu  con- 
victed and  fined  £20  for  selling  diseased  mUk.  Mr.  Wigner,  the  analyst, 
proved  that  the  sample  had  a  peculiar  colour,  and  that  it  contained  no  less 
than  13  per  cent,  of  fat,  8*2  solids  not  fat,  and  20  per  cent,  of  blood.  Other 
witnesses  proved  that  the  defendant  had  a  number  of  cows,  and  at  least  one 
of  them  was  suffering  from  foot  and  mouth  disease.  There  was  praotically 
no  defence,  t 
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II.— BUTTER. 

§  23.  ConstUuente  of  Butter, — In  the  manufacture  of  butter,  the 
cream  is  violently  agitated  in  a  chum  or  other  suitable  apparatus, 
and  in  this  manner  the  thin  membrane  enclosing  the  fat  globules 
is  ruptured.  The  free  fat  then  coalesces,  entangling  with  it 
some  caseine  and  serum;  the  butter  is  well  pressed  together 
to  free  it  as  much  as  possible  from  moisture,  and  salt  added 
to  assist  its  preservation.  Butter,  therefore,  consists  principally 
of  milk  fat,  with  a  small  and  variable  quantity  of  water,  caseine, 
and  ash,  the  latter  consisting  chiefly,  but  not  entirely,  of  the 
salt  added. 

The  '*/(U  "  of  butter  consists  of  a  mixture  of  the  glycerides  of 
the  fatty  acids — palmitic,  stearic,  and  oleic — not  soluble  in  water; 
and  also  of  the  glycerides  of  certain  soluble  and  volatile  fatty  acids, 
principally  butyric,  with  small  quantities  of  caproic,  caprylic,  and 
capric  acids.  It  is  the  association  of  about  7*8  per  cent,  of 
the  triglycerides  of  these  volatile  acids  with  the  glycerides  of  the 
insoluble  acids,  which  gives  to  butter  fat  its  peculiar  and  dis- 
tinctive characters. 

Palmitin  or  Tripalmitin,  ^8K5(^i6^3i^)3^3»  ^  ^  white  solid, 
but  little  soluble  in  cold,  easily  soluble  in  hob,  alcohol  or  ether. 
On  cooling  of  the  hot  saturated  solution,  fine  needles  of  palmitin 
readily  separate  out.  The  melting-point  of  palmitin,  as  of  all 
fats,  varies  according  to  the  process  by  which  it  has  been 
separated,  and  affords  at  present  but  little  guide  to  its  identifica- 
tion— melting-points,  36°,  46°,  62°,  and  63°C.,  having  all  been 
given  by  dilSerent  observers.  On  decomposition  it  3rields  95*28 
per  cent,  of  palmitic  acid  (CjgHggOg).  Palmitin  occurs  in  most 
fats,  and  especially  those  of  low  fusing  points.  A  mixture  of 
stearin  and  palmitin,  which  crystallises  in  little  tufts  of  needles, 
is  the  margarin  of  the  older  writers. 

Stearin  or  Tristearin,  C3H5(Ci8H350)303,  in  appearance  re- 
sembles palmitin ;  it  melts  at  a  higher  temperature  than  other 
fats,  and  therefore  is  an  especial  constituent  of  the  fats  with  high 
melting-points.  It  is  also  not  so  easily  soluble  in  hot  alcohol  or 
ether  as  other  fats.  On  the  cooling  of  such  solutions  it  separates 
ordinarily  in  rectangular  tables,  sometimes  in  rhombic  prisms. 
The  melting-point  usually  given  is  63^0.,  but  stearin,  according 
to  the  processes  used,  may  melt  at  66°C.  Tristearin  on  decom- 
position yields  95*73  per  cent,  of  stearic  acid,  CjgHjgOg. 

Olein  or  Triolein,  C3H5(Ci8H330)303,  is  at  ordinary  temperatures 
a  colourless  fluid  oil,  solidifying  about  5°C.  It  easily  oxidises  in 
moist  air,  and  becomes  yellow  in  colour;  it  is  readily  soluble  in 
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absolute  alcohol  or  ether.  Olein  dissolves  copiously  stearin  and 
palmitin.  On  decomposition  it  yields  95*70  per  cent,  of  oleic 
acid. 

BiUyrin,  an  oily  liquid,  yielding  on  decomposition  butyric 
acid,  has  not  yet  been  separated  in  a  pure  state,  and  the  same 
remark  applies  to  caproin  and  capryUn,  so  that  their  respective 
acids  will  alone  be  described  here. 

Butyric  Acid,  C^HgOo,  specific  gravity  0*97,  boiling  point 
157°C.  This  acid,  besides  occurring  with  glycerine  in  butter,  is 
found  in  the  locust  bean  (Siliqua  dtUcis),  in  the  fruits  of  the 
Sapindvs  saponaria  and  the  Tamarindus  Indica,  in  the  Anthemis 
mobUis,  the  Tanacenium  vulgare.  Arnica  mmitana,  the  fruit  of  the 
Gingko,  biloba,  and  probably  several  other  plants.  So  fietr  as  is 
known,  it  occurs  in  no  other  fat  than  butter.  Butyric  acid  is 
volatile,  distilling  unchanged;  it  is  soluble  in  all  proportions  in 
water,  alcohol,  and  ether.  Most  of  the  salts  of  butyric  acid  are 
soluble.  Baric  butyrate  crystallises  in  long  prisms  with  4H2O; 
zincic  butyrate  in  anhydrous,  very  soluble,  pearly  tables;  cupric 
butyrate  is  bluish-green,  and  sparingly  soluble.  The  most 
characteristic  salt  is  calcic  butyrate,  wliich  is  more  soluble  in 
cold  than  in  boiling  water;  consequently,  when  a  solution  is 
boiled,  some  of  the  salt  is  precipitated. 

Caproic  Acid,  CgHjgOg,  specific  gravity  of  liquid  0*922,  boil- 
ing point  about  202°C.  This  acid  occurs  not  only  in  butter,  but 
in  cocoa-nut  oil,  in  the  fruit  of  the  Gingko,  bUoba,  in  the  flowera 
of  the  Sulyriam  hircinum,  and  in  Arnica  montana,  and  is  probably 
widely  distributed  through  the  vegetable  kingdom.  It  also 
occurs  in  human  sweat  and  in  cheese.  It  is  slightly  soluble  in 
water,  is  volatile,  and  may  be  distilled  unchanged.  The  odour 
is  peculiar,  and  similar  to  that  of  acid  sweat.  The  caproate  of 
baryta  is  soluble  in  water;  the  caproate  of  silver  is  sparingly 
soluble  in  water. 

Caprylic  Add,  CgHj^Og,  fusing  point  58^0.,  boiling  point 
236^0.  This  acid  becomes  solid  at  about  12X\;  it  is  usually 
accompanied  by  rutic  acid.  The  caprylate  of  barium  is  more 
soluble  than  the  rutate,  and  the  two  may  be  more  or  less  com- 
pletely separated  by  fractional  precipitation.  It  may  be  dissolved 
in  boiling  water,  but  its  solubility  is  not  great. 

EiUic  or  Capric  Acid,  CjoHjoOg,  is  a  white  crystalline  body, 
fusing  at  29*5  to  30**C. ;  it  is  slightly  soluble  in  water,  and  easily 
soluble  in  alcohol  and  eth^r.  It  occurs  in  butter,  cocoa-nut  oU, 
cod-liver  oil,  and  the  fousel  oils  obtained  by  fermentation. 

The  exact  proportion  of  all  these  different  principles  in  butter 
fat,  it  is  at  present  impossible  to  determine  with  accuracy.  The 
genercd  eampositian  of  butter  feit,  however,  appears  to  be — 
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Glycerides  Equal  to  Fatty  Acids. 


Olein,  .        42-21 

Stearin     and ) 


Palmitin,     ( 


Butyrin, 
CaproiD, 
Ci^ryliD,  and 
Katin, 


5000     = 

7-69    - 
•10    = 


=     Oleic  Acid,        .     ,  4040 

{Stearic    and    Pal- ' 
mitic  Acids,  .        47-50 


87  -90  Total  insoluble  solids. 
Butyric  Acid,     ;         6-72 
Caproic,     . 
Ca])rylic  and  Rutic 
Acids,    .        .  ? 


100  00     = 


94-62  Total  acids,  calcu- 
lating soluble  as 
butyric. 


Pure,  dry  batter  fat,  melted  at  a  heat  not  exceeding  100°F., 
has  at  that  temperature  a  specific  gravity  ranging  from  *91200 
to  -91400;  its  fusing  point,  taken  in  the  manner  to  be  described, 
ranges  from  33-9°  to  36-5°C. 

The  relative  proportions  of  fat,  caseine,  and  salt,  in  genuine 
butters,  may  be  gathered  from  the  following  table,  in  which  it  is 
seen  that  the  butter  fat  ranges  from  about  82  to  nearly  87*5,  the 
average  given  by  Angell  and  Hehner  being  85-45  per  cent. 


Fat,  •     .     .     « 
Card,     .     .     . 
Salt  (Ash),      . 
Water,  .     .     . 

Normandy 
Butter. 

Angell  and 
Uehner. 

A  Sample  of 

FrcHh  Butter. 

Angell  and 

Uehner. 

Butter  from 

Isle  of  Wight 

Angell  and 

Hehner. 

Butter  from 

Guildford. 

Angoll  and 

Uehner. 

Batter  from 

Winchester. 

Angell  and 

Hehner. 

82-643 
5-137 
2-915 
9-305 

83-871 
2-721 
0-424 

12-984 

84-740 
3-462 
2-089 
9-709 

85-480 
2-789 
3-151 
8-580 

87-223 
2-054 
2-108 
8-615 

§  24.  Analyda  of  Buiter, 

The  analysis  of  butter  naturally  divides  itself  into — (1.)  The 
general  examination  and  analysis,  and,  (2.)  Tlie  investigation  of 

the  fat. 

1.  The  General  Examination  and  Analysis  of  Butter. — The 
colour,  taste,  and  odour  of  the  sample  should,  of  course,  be 
noted.  It  will  also  be  found  useful  to  examine  it  in  thin 
layers  microscopically.  If  it  has  been  mixed  by  fusion  with  any 
fat,  and  cooled  slowly,  crystals  may  be  discovered.  The  best  way 
to  seek  these  crystals  is  to  place  a  minute  portion  of  the  fat  on  a 
slide,  add  a  drop  of  castor  or  olive  oil,  press  the  thin  disc  of 
covering  glass  so  as  to  get  a  very  thin  layer,  and  examine  by 
polarised  light.     Under  such  circumstances,  if  crystals  should  be 
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present,  there  will  be  seen  dark  crosses  similar  to  those  in 
potato  starch.  Such  crystals  are  suspicions,  because  they  show 
that  the  butter  has  been  melted;  and  it  certainly  must  be  a  most 
unusual  process  to  melt  butter  save  for  the  purpose  of  mixing 
with  other  fats.  The  rare  adulteration  of  any  other  substance, 
such  as  starches,  &c.,  by  mechanical  admixture,  cannot  fJEul  to  be 
detected  by  the  microscope. 

The  general  analysis  is  performed  best  by  weighing  10  to  20 
grms.  of  the  butter  into  a  counterpoised  porcelain  dish,  melting 
it  over  a  low  gas  flame,  and  keeping  it  at  any  temperature 
between  105^0.  and  110^.,  with  constant  stirring,  until  all 
effervescence  has  ceased.  (By  using  a  thermometer  as  a  stirrer, 
this  is  easily  effected.)  The  weighing  of  the  dish  and  its  contents 
when  cool,  subtracted  from  the  first  weight,  gives  the  loss  equal- 
ling the  water,  and  it  may  be  worked  into  percentage. 

The  above  method  has  the  merit  of  expedition,  and  it  is 
tolerably  accurate;  but  the  water  may  also  be  estimated  by 
placing  about  1  grm.  of  the  butter  fcit  in  a  large  platinum  dish, 
so  that  the  fat  forms  a  thin  layer,  and  then  exposing  to  the  heat 
of  the  water-bath  until  it  ceases  to  lose  weight.  The  fat  is  next 
melted  from  the  curd  and  salt  (both  of  which  settle  to  the 
bottom),  and  is  poured  off  as  far  as  possible,  the  residue  being 
thoroughly  exhausted  by  boiling  benzine,  ether,  or  petroleum, 
which  can  be  effected,  if  care  is  taken,  in  the  same  dish  without 
transference  to  a  filter.  On  now  weighing,  the  loss  equals  the 
&t.  Lastly,  the  curd  is  burnt  away  at  a  low  red  heat,  and  the 
ash  weighed. 

The  general  analysis  finished,  it  remains  to  consider  the 
results : — 

(1.)  F(U. — The  fat  should  not  be  below  80  per  cent. ;  any 
figure  under  this  should  justly  be  considered  evidence  of  adul- 
teration. 

(2.)  Water. — There  is  no  standard  followed  or  fixed  with 
regard  to  the  percentage  of  water.  In  those  cases  in  which  the 
fat  is  below  80  per  cent.,  the  deficiency  of  fat  is  usually  from 
excess  of  water;  and  seeing  the  variable  quantity  of  water  found 
in  butter,  it  is  wisest  not  to  certify  on  the  ground  of  water  alone, 
unless  there  is  sufficient  to  lower  the  percentage  of  fat  below  80 
per  cent. 

(3.)  Caseine. — The  average  quantity  of  caseino  is  2*5  per  cent., 
but  it  may  reach  6  to  7  per  cent.,  and  the  higher  the  percentage 
of  caseine  the  less  likely  is  a  butter  to  keep,  although  this  usually 
is  evidence  of  error  in  the  manufacture  rather  than  of  adul- 
teration. 

(4.)  !7%e  Ash, — This  should  consist  of  common  salt  and  phos- 
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phate  of  lime.  Butter  is  said  to  be  adulterated  occasioDally  with 
sodium  silicate,  and  therefore  the  ash  should  be  fused  with  sodic 
carbonate,  dissolved  in  hydrochloric  acid,  evaporated  to  dryness, 
and  dissolved  in  water.  Any  residue  will  consist  of  silica.  If 
other  mineral  adulteration  is  suspected,  a  complete  analysis  of 
the  ash  may  be  necessary  (see  p.  5).  There  is  no  definite 
standard  fixed  with  regard  to  the  weight  of  the  ash.  Angell 
and  Hehner  consider  that  it  should  not  exceed  8  per  cent.,  with 
which  most  analysts  agree. 

The  following  are  a  few  examples  of  adulterated  butters,  the 
adulteration  being  detected  simply  from  the  proximate  analysis : — 


DeTon  Batter. 

Devon  Butter. 

A  Rftraple  of 

Butter, 

Angell  and 

Hehnor. 

A  Sample  of 

Butter. 

Angell  and 

Hehner. 

Fat,.     .... 
Caaeine,     .     .     . 
Water, ;     .     .     . 
Salt,      .... 

78-50 
1-72 

17-10 
2-68 

76-34 
6-60 

13-.30 
3-70 

67-580 
6-880 

23-981 
1-559 

47-019 
7-854 

42-358 
2-689 

2.  Examination  and  Analysis  of  the  Fat, — By  far  the  most 
important  process  in  butter  analysis  is  the  examination  of 
the  fat  The  data  by  which  the  analyst  judges  whether  a 
butter  consists  of  foreign  fats  entirely  or  partly,  are  derived 
from — (a.)  The  melting-point;  (6.)  the  specific  gravity;  (c.)  the 
relative  proportion  of  the  soluble  and  insoluble  fatty  acids. 
To  take  any  or  all  of  these,  the  first  requisite  is  a  pure  dry 
£eit.  This  is  easily  accomplished  by  melting  a  sufiScient  quantity 
of  the  butter  over  the  water-bath.  In  a  short  time  the  water, 
curd,  and  salt,  sink  to  the  bottom,  and  the  nearly  pure  fat  can  be 
poured  ofi*.  Should  it  not  be  clear,  it  must  be  filtered  through 
filtering  paper  or  glass-wool.  This  operation  will  necessitate 
the  filter  being  kept  warm  in  a  suitable  steam-jacket. 

(a.)  T/ie  Melting-Point. — Various  methods  have  been  proposed 
for  the  determination  of  the  melting-points  of  fats.  The  one 
used  by  most  analysts  is  to  take  the  melting-point  in  a  fine  tube. 
A  piece  of  quill-tubing  is  drawn  out,  so  as  to  make  a  tube  about 
the  diameter  of  a  knitting  needle,  and  from  two  to  three  inches 
in  length.  The  fjeit  is  now  drawn  up  to  the  extent  of  about  an 
inch,  and  permitted  to  solidify.  The  tube  thus  charged  is  placed 
in  some  cold  water  in  a  small  beaker,  which  is  '^  nested "  in  & 
second  beaker,  a  little  water  being  between  the  two,  the  inner 
beaker  carrying  also  a  thermometer.  Heat  is  now  applied,  and 
the  moment  the  fat  runs  up  the  tube  the  temperature  is  notecL 
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It  is  unnecessary  to  add  that  the  more  slowly  the  temperature 
is  raised,  the  more  accurate  will  be  the  observation.  This  simple 
method  is  easy  of  execution,  and  can  hardly  be  improved  upon. 

Another  method  is  the  employment  of  a  little  bulb  weighted 
with  mercury,  so  as  to  weigh  from  3  to  4  grms.;  the  bulb 
rests  on  the  sur&ce  of  the  fat  in  a  test  tube,  which  is  im- 
mersed in  a  beaker  of  water  provided  with  a  thermometer,  and 
the  moment  the  bulb  sinks  is  noted.  A  modification  of  this  is 
the  employment  of  a  light  float  sunk  to  the  bottom  of  the  fiit, 
and  retained  there  untU  it  is  solid ;  on  now  applying  heat,  the 
float  rises  at  a  certain  temperature,  which  is  taken  as  the  melting- 
point.     The  melting-point  of  various  fats  is  as  follows : — 


Bntterine, 

Cocoa  Bntter, 

Bntter  (average),  . 

Beef-Dripping, 

Veal-Dnpping, 

Mixed, 

Lard,  from    . 

.    31  ^'C. 
.    34-9»C. 
.    35-8*»C. 
.    43-8**C. 

.  41 -rc, 

.    42-6°C. 

.    42*»C.  to  iS^'C. 

Ox-Fat,  from  about 
Mutton-Fat,  from  about 

.    48°C.  to  530"C. 
t       .     50°C.  to51-6*'C. 

Tallow, 

.     63-3°C. 

It  hence  follows  that  a  low  melting-point  indicates  the  probable 
presence  of  bntterine,  which  is  partly  manufactured  from  a  con- 
crete oil,  obtained  from  the  seeds  of  Garcinia  Indica,  and  is  known 
under  the  name  of  Mangosteen  oil,  or  kokum  butter.  A  higher 
melting-point  indicates  as  a  probable  adulterant,  drijiping,  lard, 
or  other  animal  fat. 

(6.)  Specific  Gravity, — The  method  of  obtaining  the  specific 
gravity  of  butter  fat  is  to  fill  a  counterpoised  specific  gravity 
bottle,  provided  with  a  thermometer  stopper,  of  60  to  100  grms. 
capacity,  with  water  of  35 °C.  (95°F.),  and  immerse  it  in  a  beaker 
of  water  of  about  43°C.  (109-4°F.)  By  thus  heating  the  specific 
gravity  bottle  by  a  liquid  which  is  falling  in  temperature,  the 
water  in  it  can  be  brought  exactly  to  37-7°C.  (100°F.),  at  which 
temperature  the  bottle  is  taken  out,  slightly  cooled  and  weighed  ; 
and  in  this  manner  the  weight  of  that  particular  bulk  of  water 
at  37*7**C.  (100*'F.)  is  obtained,  and  this  value  used  for  the  subse- 
quent operations.  To  take  the  specific  gravity  of  the  fat,  the 
pure  filtered  fat,  at  35°C.  (95°F.),  is  poured  into  the  clean  dry 
bottle,  and  the  exact  process  just  detailed  followed. 

The  specific  gravity,  as  firat  pointed  out  by  Mr.  Bell,  of  Somer- 
set House,  has  a  direct  relation  or  correspondence  to  the  per- 
centage of  insoluble  acids,  a  fact,  it  must  be  remembered,  only 
applicable  to  pure  unadulterated  butter  fat.     Thus — 
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BUTTER. 

Specifl'^  Grarity  at 
•91382 

Actual  Insoluble 

Acids  Found. 

Per  Cent. 

87-47 

•91340 

87-89 

•91337 

87-98 

•91290 

88-48 

•91286 

88-52 

•9127G 

88-62 

•91258 

88-80 

•9124G 

89 -OO* 

The  fets  used  for  the  adulteration  of  butter  are  of  low  density. 
Vegetable  butterine  has  a  specific  gravity  '90294 ;  dripping, 
•90659 ;  so  that  a  low  specific  gravity — that  is,  anything  below 
•91101 — is  strongly  indicative  of  foreign  fat. 

Instead  of  the  above  method,  which  requires  a  considerable 
quantity  of  material,  the  density  may  be  approximately  taken  by 
the  well-known  specific  gravity  bubbles,  a  process  which  we  owe 
to  Mr.  Wigner.  If  the  butter  fat  be  placed  in  a  wide  test-tube, 
and  a  bubble  of  the  specific  gravity,  say  of  -896,  be  kept  just 
beneath  the  surface  by  a  thermometer  passing  through  a  cork  in 
the  mouth  of  the  tube,  at  a  certain  temperature  the  bubble  will 
slowly  sink  to  the  bottom.  In  butters  of  ^911  density,  above 
which  a  sample  may  be  passed,  beads  will  sink  as  follows  : — 

Specific  gravity  of  beads,    -8890  •8896 

Temperature,  .         .    145°F.  (62-7°C.)     132°F.  (55-5°C.) 

If  the  bead  sinks  at  any  temperature  lower  than  these,  the 
butter  will  need  further  examination  by  actual  determination  of 
the  fatty  acids.  As  a  guide  to  the  gravity,  it  may  be  assumed 
that  a  difference  of  one  degree  in  the  sinking  temperature  indi- 
cates -30  actual  density,  equal  to  about  '35  per  cent,  fatty  acids^ 
and  nearly  5  p^  cent,  of  foreign  fats.f 

(c.)  The  Decomposition  of  the  Fat  into  Fatty  Acids  and  Glycerine. 
— This  is  effected  by  saponifying  with  an  alcoholic  solution  of 
potash,  decomposing  the  soap  with  sulphuric  acid,  washing  the 
subsequent  fatty  acids  with  water,  titrating  the  soluble,  and 
weighing  the  insoluble  acids.  The  details  of  the  process  have 
been  so  simplified  by  successive  improvements,  that  what  was 

*  Muter,  Analyst,  i.,  p.  7,  1877. 

f  A  method  of  taking  the  specific  gravity  of  fats  recommended  by  Mr. 
Estcourt  (Chem.  News,  VoL  xxxiv.,  p.  254)  aeserves  notice.  The  bulb  of  a 
We8tphal*8  balance  is  suspended  in  a  test-tube  containing  the  fat,  the  test- 
tube  itself  is  immersed  in  a  metal  tube  containing  paraffin,  and  itself  secured 
in  a  water-bath ;  when  the  paraffin-bath  shows  a  temperature  of  92*2^0. 
(206^F.),  the  weights  are  adjusted. 
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formerly  a  tedious  and  even  difficult  operation,  is  now  moderately 
speedy  and  simple.     The  solutions  requisite  are  as  follows : — * 

(1.)  Approximately  semi-normal  alcoholic  potash  solution, 
28  grms.,  roughly  weighed,  of  KHO,  dissolved  to  a  litre  with 
Alcohol ;  specific  gravity  '840. 

(2.)  Approximately  semi-normal  sulphuric  acid,  1.6,,  25  grms. 
of  the  strong  acid  to  the  litre. 

(3.)  Deci-normal  soda  solution  of  exact  strength,  most  con- 
veniently made  by  dissolving  metallic  sodium  in  water,  in  the 
exact  proportion  of  2*3  grms.  to  the  litre.  [1  cc.  equals  *0088 
of  butyric  acid.] 

It  is  necessary  to  know  with  the  greatest  exactitude  the  rela- 
tionship between  the  potash  and  the  sulphuric  acid  solution ;  the 
exact  quantity  of  alcoholic  potash  that  is  to  be  used  in  the  anaJyviB 
is  delivered  from  a  25  ca  or  50  cc.  pipette,  aa  the  case  may 
be,  litmus  or  cochineal  solution  added,  and  then  titrated  by  the 
acid.  It  is  also  necessary  to  know  the  relationship  between  the 
d.  n.  soda  and  the  sulphuric  acid,  which  must  also  be  found  in 
the  usual  way.  4  to  5  grms.  of  the  pure  dry  fat  are  weighed  by 
difference  into  a  flask,  and  50  cc.  of  potash  solution  added;  the 
flask,  closed  by  a  glass  marble,  is  now  heated  on  the  top  of  the 

water  oven,  and  by  occasionally 
giving  it  a  rotatory  motion,  saponi- 
fication is  complete  under  the  hour 
at  the  low  temperature  of  50°C. 

The  author  does  not  himself  fol- 
low the  above  process,  but  uses  the 
strong  small  assay  flasks  recom- 
mended by  l)r.  Dupr6.  These  flasks 
are  of  about  70  cc.  capacity,  and 
with  rather  long  narrow  necks,  the 
whole  capable  of  bearing  consider- 
able pressure.  4  to  5  grms.  of  the 
fat  are  poured  into  such  a  flask,  25 
cc.  of  potash  solution  added,  well 
corked  with  a  caoutchouc  stopper, 
which  must  be  secured  by  string  and 
strong  linen  or  canvas,  and  then  the 
flask  suspended  in  the  boiling  water 
of  a  water-bath.  At  the  end  of  an 
hour  or  less  it  may  be  taken  out 
completely  saponified. t    When  cool 


Fig.  3. 


the  flask  is  opened,  the  soap  gently  melted  and  poured  into 

•  "Butter  Fat,"  by  E.  W.  Jones,  F.C.S.     Analyst,  May,  1877. 

t  The  reason  for  preferring  thia  method  is,  that  less  potash  is  required. 


§  24.]  BUTTER.  75 

a  flask  of  about  500  cc.  capacity,  liaving  a  long,  rather 
narrow  neck  (see  Fig.  3).  which  can  carry  the  tubes  a  and 
b — ^the  tube  a  for  the  admission  of  air,  the  tube  b  furnished 
with  a  stopcock.  In  this  flask  the  soap  is  decomposed  by  adding 
about  1  cc.  more  sulphuric  acid  than  is  necessary  to  neutralise 
the  potash;  if,  for  example,  the  latter  is  neutralised  by  25  cc. 
soap,  the  fatty  acids  melt  and  form  a  layer  on  the  surface  of  the 
add  vater.  At  this  point  the  whole  may  be  diluted  with  warm 
water  up  to  200  cc.  or  300  cc,  the  cork  carrying  the  tubes 
inverted  and  the  flask  turned  upside  down,  as  represented  in 
the  figure.  After  standing  a  few  hours  the  cake  is  more  or  less 
solid,  and  the  lower  stratum  of  liquid  may  be  run  ofl"  almost 
clear.  It  will,  however,  always  be  safest  to  pass  it  through  a 
filter.  By  adapting  an  india-rubber  tube  to  a,  warm  water  may 
be  sacked  up  through  b,  aiid  the  fat  washed  in  the  flask  (perfectly 
closed  by  pinching  the  india-rubber) ,  and  then  the  cake  allowed 
to  form  as  before.  The  fluid  is  now  again  run  ofl"  fron^the  solid, 
and  this  time  cold  water  may  be  sucked  up  through  a,  and  the 
whole  process  of  alternations  of  hot  and  cold  water  repeated. 
Lastly,  the  cork  with  its  tubes  is  removed,  any  adherent  &t 
washed  off  with  warm  water  into  the  flask,  the  latter  adapted  either 
to  an  upright  Liebig*s  condenser  and  boiled,  or  connected  in  the 
usual  way  with  a  Liebig,  the  latter  having  as  a  receiver  a  flask, 
adjusted  by  a  cork  tightly  to  the  bent  tube  of  the  condenser,  and 
famished  with  a  mercury  valve,  the  whole  forming  a  closed 
system.  In  the  latter  case  also,  the  heat  is  applied  to  boiling 
for  five  or  ten  minutes,  and  the  distillate  added  to  the  filtrates ; 
lastly,  the  cork  with  tubes  is  again  connected,  the  flask  inverted, 
the  Hquid  when  cool  run  off,  and  the  fat  finally  washed  with  a 
little  cold  water  and  allowed  to  drain. 

The  watery  liquid  contains  sulphuric  acid,  sulphate  of  potash, 
alcohol,  butjrric,  and  the  other  soluble  fatty  acids;  it  will  be  in 
bulk  from  600  to  700  cc,  and  may  be  made  up  to  any  definite 
quantity.  In  any  case,  a  portion  of  it — a  quarter,  a  fifth,  or  even 
a  tenth — must  be  taken  and  titrated  with  d.  n.  soda,  which, 
when  the  quantity  required  to  neutralise  the  1  cc  of  sulphuric 
acid  in  excess  is  subtracted,  indicates  the  amount  of  soluble  acid, 
and  is  always  returned  as  butyric,  which  is  near  enough  to  the 
truth. 

Instead  of  this  method  it  may  be  useful  to  titrate  the  acid 
liquid,  distil  until  all  the  volatile  acid  which  can  be  obtained  has 
gone  over,  and  then  titrate  the  distillate.  It  is  also  possible  to 
separate  in  great  measure  the  volatile  fatty  acids  from  such  a 
solution  by  shaking  up  with  ether,  the  latter  dissolving  the  acids 
freely. 
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The  insoluble  fatty  acids  remaining  partly  in  the  flask,  with  a 
trace  on  the  filter,  are  now  united  in  a  flat  porcelain  dish.  This 
is  done  by  melting  the  acids  in  the  flask,  pouring  ofi*,  and  extract- 
ing by  alcohol  and  ether — the  same  solvent  also  dissolving  the 
acids  from  the  filter.  On  evaporation  of  the  alcohol  and  ether, 
one  or  two  large  bubbles  of  water  may  be  formed  in  the  acids, 
and  it  is  best  to  add  a  few  drops  of  absolute  alcohol.  The  dish 
is  now  placed  on  the  top  of  the  water- bath  (the  water  in  which 
should  only  boil  gently),  and  weighed  at  short  intervals;  if  after 
twenty  minutes  only  1  or  2  mgrms.  are  lost,  the  weight  is 
considered  constant. 

The  insoluble  fatty  acids  are,  as  already  stated,  oleic,  palmitic, 
and  stearic — it  is  their  total  weight  which  is  alone  valuable,  and 
to  separate  the  three  with  accuracy  is  not  easily  efiected.  The 
first  can,  however,  be  very  readily  isolated  by  the  following 
process,  the  details  of  which  have  been  worked  out  by  Dr.  Muter. 
The  process  depends  upon  the  well-known  fact  that  the  oleate  of 
lead,  Pb2CjgH3302,  can  be  separated  from  plumbic  palmitate, 
Pb2C|gHg^02,  and  plumbic  stearate,  Pb2Ci8H3502,  by  taking 
advantage  of  the  solubility  of  the  former  in  ether. 

About  1  grm.  of  tlie  fatty  acids  is  combined  with  potash,  and 
the  solution  well  diluted  with  boiling  water,  and  carefully  treated 
with  acetic  acid  added  to  the  boiling  solution  until  a  permanent 
turbidity  is  produced ;  solution  of  potash  is  now  dropped  in  with 
constant  stirring,  until  the  liquid  just  clears  again.  The  solution 
is  now  precipitated  by  plumbic  acetate  in  slight  excess,  and 
is  stirred  until  the  precipitated  soap  settles  thoroughly.  The 
supernatant  liquid  is  poured  off*,  and  the  soap  once  washed  by 
boiling  with  a  large  volume  of  water  and  decanting ;  plumbic 
oleate,  palmitate,  and  stearate  are  thus  obtained  as  perfectly 
neutral  salts,  the  first  being  soluble  in  ether,  the  last  two  quite 
insoluble.  The  lead  soap  is  now  transferred  to  a  flask  of  100  cc. 
capacity,  and  the  plumbic  oleate  dissolved  out  by  ether,  the 
ethereal  solution  being  passed  through  a  filter.  The  end  of  the 
process  is  known  by  the  washings  ceasing  to  blacken  ammonium 
hydrosulphide.  The  filtrate  and  the  washings  should  not  exceed 
200  cc,  a  fractional  portion  of  which  may  be  evaporated  to 
dryness  in  a  platinum  dish,  and  weighed  as  plumbic  oleate.  To 
ensure  perfect  accuracy,  the  remainder  should  bo  ignited  and 
weighed  as  Pb  +  PbO ;  the  residue  treated  with  acetic  acid  to 
take  up  the  PbO,  and  the  residual  Pb  calculated  to  PbO.  By 
deducting  the  weight  of  plumbic  oxide  thus  obtained  from  the 
total  plumbic  oleate,  and  allowing  for  the  hydrogen  displaced, 
the  oleic  acid  is  obtained. 

Dr.  Muter   recommends,  however,  an  easier  method.      This 
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requires  a  long  graduated  tube  of  250  cc,  having  a  well-ground 
stopper  and  a  stopcock,  which  is  placed  at  50  cc.  from  the 
"bottom.  The  ethereal  solution  is  placed  in  this,  the  soap  decom- 
posed by  hydrochloric  acid  [1  :  2J ;  and  (when  the  chloride  of 
lead  is  fully  settled)  a  known  quantity  of  the  supernatant  ethereal 
solution  drawn  off,  evaporated,  and  weighed  as  oleic  acid. 

In  the  majority  of  adulterated  butters,  the  specific  gravity,  the 
melting-point,  and  the  fatty  acids  are  all  widely  different  from  that 
of  genuine  butter,  so  that  there  is  no  room  for  doubt.  Occa- 
sionally, however,  a  butter  may  be  met  with  in  which  a  small 
proportion  only  of  foreign  fat  has  been  used,  and  in  such  a  case 
the  analysis  must  be  repeated  several  times  lest  a  mistake  be  made. 
Of  all  the  above  determinations,  the  percentage  of  insoluble 
and  soluble  fatty  acids  is  of  the  greatest  importance.  A  marked 
deficiency  or  complete  absence  of  soluble,  and  an  increase  of 
insoluble,  are  the  characteristic  features  of  fats  other  than  butter. 

The  following  are  a  few  examples  of  percentages  of  fatty  acids 
found  in  genuine  butters  : — 

(1.)  (2.)  (3.)  (4.) 

Soluble,  5-92  5-76  r>-37  477 

Inaoluble,      87*86  88*10  87*68  88*44 


93*78  93*86  93  05  93*21 

It  is  generally  accepted  that  88  per  cent,  of  insoluble  acids,  if 
Associated  with  6*3  of  soluble  acids,  is  a  fair  standard  of  butter 
calculation,  and  that  if  a  butter  shows  anything  less  than  89*5 
insoluble,  with  5  soluble,  it  may  be  passed  as  genuine.* 

A  few  examples  of  adulterated  butter  fat  are  as  follows  :— 


(!•) 

(2.) 

(3.) 

A  Commorcial 

A  Commercial 

Butter. 

Butter. 

Butterine. 

Solnble,           1  '98 

2-34 

•58 

Insoluble,      93*30 

93-82 

95-51 

95*28  96 16  96  9 
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ni.— CHEESE. 

§  25.  Constituents  of  Cheese, — Cheese  consists  essentially  of  the 
coagulated  albuminous  matters  of  milk,  and  especially  of  caseine, 
"with  a  variable  quantity  of  fat,  common  salt,  alkaline,  and  earthj 
phosphates.  It  may  be  made  from  the  milk  of  any  mammal, 
but  the  great  majority  of  cheeses  in  commerce  are  made  from 
cows'  milk. 

The  different  varieties  of  cheese  depend  upon  the  processes 
employed,  and  also  upon  the  proportion  of  cream  left  in,  or  added 
to,  the  milk — the  poorest  liorny  skim-cheeses,  with  regard  to  per- 
centage of  fat,  being  at  one  end  of  the  scale,  and  cream-cheese, 
made  entirely  of  cream,  at  the  other.  The  chief  commercial 
cheeses  are  as  follows  : — 

American  CJieeses,  made  from  unskimmed  milk,  and  of  extremely 
uniform  quality.  The  general  composition  of  two  fine-flavoured 
Americans,  sold  at  9d.  per  lb.,  the  author  found  to  be — 

(1.)  (2.) 

Water, 22-59  31-80 

Fat, 35-41  28-70 

Caseine, 37  20  3G-00 

.  ,    j  Soluble  in  water,    1-19  )  1-13  ) 

-^®"'  i  iDsolnhle,                3-61  \             4-80  2  37 )          350 

NaCl  in  Soluble  Ash,         .        .            1-08  I'Ol 

Phosphate  of  Lime  iu  Insoluble  Ash,     2  21  237 

Cheddar  Cheese  is  made  with  entire  milk ;  the  cheeses  are 
usually  thick,  and  weigh  up  to  200  lbs.  each.  Two  sound,  good- 
flavoured  Cheddars,  sold  at  lid.  per  lb.,  had  the  following  com- 
position : — 

(1.)  (2.) 

Water, 27*83  28-34 

Fat, 24-04  21-01 

Caseine 44  47  47-03 

A.ii   jSoluble  in  water,    1-14>  1-14> 

^^  tinsoluble,               2-52>             3*66        .  2-48i  3-62 

Naa  in  Soluble  Ash,         .        .            1-04  1-14 

Fhotphate  of  lime  in  Insoluble  Ash,    1  '52  1  '69 

Cream  Cheese*l&  made  entirely  of  cream. 
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Durdop  Cheese  is  made  with  entire  milk,  and  is  not  dissimilar  in 
general  composition  to  American  cheeses.  A  sample  examined 
by  Johnstone  had  the  following  composition : — 

Per  cent. 

Water, 38*46 

Fat, 31-86 

Caseine, 25  87 

Ash, 3-81 

Gloucester  Cheese. — Two  varieties  of  Gloucester  cheese  exist  in 
commerce,  single  Gloucester  and  double  Gloucester — the  only 
difference  between  the  two  being  that  the  latter  is  richer  than 
the  former,  single  Gloucester  being  made  from  a  mixture  of 
skimmed  and  entire  milk,  double  Gloucester  from  entire  milk. 
A  single  Gloucester,  sold  at  9d.  per  lb.,  of  good  flavour,  and  free 
from  mould,  had  the  following  composition  : — 

Per  cent. 

Water, 21-41 

Fat, 25-38 

Caaeine, 49*12 

Ash, 4-09 

An  analysis  by  Johnstone  of  a  double  Gloucester  is  as  follows: — 

Per  cent 

Water, 3582 

Fat, 21*97 

Caseine, 37*96 

Aah, 4-25 

Notwithstanding  that  in  the  single  the  fat  was  25  per  cent.,  in 
the  double  but  21  per  cent.,  the  latter  is  really  richer  than  the 
former,  if  the  water*  be  subtracted,  and  the  percentage  be  taken 
on  the  dry  substance;  or  if  the  proportion  of  the  fat  to  the 
caseine  be  considered — in  the  double  the  fat  being  to  the  caseine 
as  10  :  17,  in  the  single  as  10  :  19. 

Parmescm  Cheese, — This  is  a  peculiar  cheese,  never  made  in  this 
country,  but  imported  from  Parma  and  elsewhere.  The  essential 
points  in  the  manu&cture  are,  that  the  rennet  is  heated  to  about 
120**F.,  and  an  hour  afterwards  the  milk  set  over  a  slow  fire 
until  heated  to  about  1»50°F.  These  operations  cause  the  curd 
to  separate  in  hard  lumps.  It  is  usually  coloured  with  saffron. 
The  outer  crust  of  the  cheese  at  the  end  of  fourteen  days  is  cut 
off,  the  new  surface  varnished  with  linseed  oil,  and  one  side 
coloured  red.  It  is  a  very  dry  cheese,  with  a  large  amount  of 
caseine,  and  only  a  moderate  percentage  of  fat.  A  Parmesan 
analysed  by  Payen  gave — 
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Casoine,        .... 
Fat, 

Salts,     .         .         .    •      ; 
Water,  .... 

Nou-nitrogenoiis  matter,  &c. 


Fwoent 
44-08 
15*95 

6-72 
27-56 

6-69 


The  Roquefort  Cheese  is  a  very  celebrated  French  cheese,  largely 
eaten  on  the  Continent.  It  is  not  made  from  cows'  milk,  but 
from  that  of  the  ewe.  A  fresh  Roquefort,  analysed  by  Blondeau,* 
had  the  following  composition  : — 

Peromt 

Caeeme, 85'43 

Fat 1-85 

Lactic  acid, 0*88 

Water, 11-84 

The  same  cheese,  in  the  condition  most  highly  prized  (after  it 
had  been  kept  two  months  in  a  cold  cellar),  had  the  following 
composition : — 

Per  cent 
.       43-28 
18-30r 

1400>  32-30 

0-67 

4-45 

.       19-30 


CasciDe, 

Fat.  ^Mar^arin. 

Butyric  Acid, 
Chloride  of  Sodiun 
Water,  . 


Roquefort  cheese  is  usually  coloured  with  reddle  or  arnatto. 
The  manufacturers  of  these  cheeses  attach  great  importance  to 
their  being  kept  at  a  rather  low  and  uniform  temperature  during 
the  ripening  process.  The  most  famous  cellars  are  subterraneous 
mountain-caves,  kept  constantly  cool  (at  about  41°  to  42®F.) 
by  currents  of  air  coming  through  clefts  and  grottoes.  The  com- 
mercial value  of  these  cellars  is  directly  proportionate  toiuc;u' 
uniformity  of  temperature. 

Skim  Cheese, — The  quality  of  skim  cheese  depends  upon  the 
amount  of  fat  it  contains.  A  cheese  which  shows  under  5  per 
cent,  of  fat  may  -with  propriety  be  called  skim,  the  majority  of 
skim  cheeses  containing  fi-om  *5  up  to  5  per  cent,  of  fat.  The 
writer  found  a  sample  of  skim  oheese,  at  6d.  per  pound,  to  have 
the  following  composition  : — 

Per  cent. 

Water, 43  14 

Fat, -86 

Caaeine, 49  79 

!  Soluble  in  water,  .         2-16  ) 

Phosphate  of  Lime,      .         3*98  >  6*21 
NaClin Soluble  Ash,  .         2-00) 

*  Annales  de  Chimk  et  de  Phywpit  [4],  t.  i.,  1864. 
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StUton  Cheese  is  made  from  entire  cows'  milk,  to  which  some 
cream  has  been  added.  When  fully  mature,  these  cheeses  are 
similar  in  composition  to  ripe  Roqueforts. 

There  are  various  other  cheeses,  such  as  Dutch,  which  are 
usually  highly  salted;  Grmyere,  a  peculiarly  flavoured  cheese  made 
in  Switzerland ;  NeufchcUel,  a  Swiss  cream  cheese ;  Schahzieger^ 
or  green  cheese,  also  of  Swiss  origin,  and  flavoured  with  melilot ; 
besides  various  English  cheeses  taking  their  names  from  the 
county  in  which  they  are  made. 

The  Ripening  of  Cheese, — The  transformation  that  cheese  under- 
goes, and  by  which  it  usually  acquires  a  more  agreeable  taste  and 
flavour,  is  without  doubt  a  fermentation  of  a  slow  character, 
induced  by  the  agency  of  minute  mycoderms ;  possibly,  as  F. 
Cohn  suggests,  the  very  active  thread-bacteria,  which  rennet 
always  contains,  have  something  to  do  with  the  process.  The 
chemical  changes  appear  to  consist  essentially  in  a  fatty  meta- 
morphosis of  the  albuminoids,  a  subsequent  decomposition  of  the 
fat,  or  rather  of  the  glycerine,  and  the  liberation  of  butyric, 
capric,  caproic,  and  other  fatty  acids.  Ammonia  and  carbonic 
dioxide  are  also  produced,  e.g.,  the  Roquefort  cheese  (two  analyses 
of  which  are  given  above)  was  analysed  at  the  end  of  a  year, 
and  its  composition  found  to  be  as  follows  : — 


Caseine, 

Margarin, 

Olein, 

Butyrate  of  Ammonia, 

Caproate  of  Ammonia, 

Caprylate  of  Ammonia, 

Caprate  of  Ammonia, 

Chloride  of  Sodiam, 

Water,   . 


Por  cent 

40-28 

16-85 

1-48 

5-62 

7-31 

4-18 

4-21 

4-45 

15-62 


Valerianic  acid  has  also  been  detected  in  Roquefort  cheese  by 
M.  Bolard,  and  by  Messrs  Jljenko  and  Laskowski  in  a  Limbourg 
cheese. 

Besides  the  transformation  of  caseine  into  fatty  products,  the 
margaric  acid  decomposes  the  phosphate  of  lime,  the  result  being 
margarate  of  lime  and  phosphate  of  caseine  (the  latter  soluble  in 
water) ;  so  that  if  only  a  sufficient  time  is  given,  a  cheese  which 
originally  gave  up,  after  removal  of  the  fat,  very  little  to  water, 
becomes  almost  wholly  soluble.  Occasionally,  instead  of  the 
process  described,  a  true  putrefaction  of  the  cheese  ensues,  and 
foetid  products  containing  sulphur  are  given  off*. 

§  26.  Analysis  of  GJieese. — The  mode  of  procedure  differs  little 
from  that  used  with  milk.  Small  quantities  only  of  the  cheese  must 
be  taken  for  the  water,  and  prolonged  drying  is  necessary.     Ether 

o 
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is  not  suitable  for  extraction  of  fat,  owing  to  the  solubility 
of  the  lactic  acid  which  many  cheeses  contain,  but  petroleum 
answers  every  purpose.  The  ash  is  taken  in  the  usual  way,  and 
the  difference  may  be  returned  as  caseine,  or  the  latter  may  be 
found  by  a  combustion  with  cupric  oxide^  or  by  the  ammonia 
method  (p.  48). 

The  adulterations  of  cheese  which  have  actually  been  found  are 
not  numerous.  All  mineral  adulterations,  save  those  of  volatile 
metals,  must  be  looked  for  in  the  ash,  which  consists  normally  of 
common  salt,  alkaline,  and  earthy  phosphates.  Cheese  has  from 
the  earliest  to  the  present  time  been  coloured  by  vegetable  matters, 
and  so  long  as  the  latter  are  not  injurious,  such  addition  cannot 
be  considered  as  adulteration. 

Thin  slices  of  cheese  should  be  examined  microscopicaUy  after 
dissolving  out  the  fat,  &&,  by  ether;  in  this  way  starches  and  vege^ 
table  substances  may  be  detected.  Arsenical  washes  and  l^td 
pastes  have  often  been  applied  to  the  rind  to  prevent  the  attacks 
of  the  fly.  As  this  part  is  habitually  eaten  by  a  few  people,  it  is 
necessary  to  examine  it,  especially  for  these  metals,  and,  in  a 
complete  investigation,  to  make  two  separate  analyses,  one  of  the 
rind,  and  the  other  of  the  substance  of  the  cheese. 
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PART    IV. 
TEA  —  COFFEE  —  COCOA. 


1.— TEA. 

§  27.  Varutks  of  Tea, — Tea  is  the  dried  leaf  of  different  species 
of  Thea^  a  section  of  the  genus  Camellia,  The  botanical  varieties 
do  not  appear  to  be  numerous.  Thea  Bo^iea,  T,  viridis,  and  T. 
sinensis,  all  Chinese  plants,  Thea  Assamica,  indigenous  to  Assam, 
and  one  or  two  hybrids,  are  the  principal  plants  from  which  the 
numerous  teas  of  commerce  are  derived.  The  difference  depends 
on  the  selection  of  young  or  old  leaves,  and  special  treatments  in 
drying  and  otherwise  preparing  the  leaf,  rather  than  on  essential 
botanical  variation. 

The  varieties  of  tea  imported  into  this  country  are  extremely 
numerous ;  but  seldom  does  any  one  of  them  reach  the  consumer 
unmixed,  for  the  wholesale  tea  merchants  carefully  improve  their 
teas  by  "  blending. "  The  most  common  sorts  are  —  Gun- 
powder, Hyson,  Congou,  Capers,  and  Indian  tea.  Of  these,  the 
Gunpowder  and  Hyson  are  dried  at  a  higher  temperature  than  the 
others,  and  contain  less  hygroscopic  moisture.  The  Capers  may 
be  generally  told  by  the  leaves  being  rolled  up  into  little  lumps 
with  starch  or  gum  ;  as  a  class,  they  are  much  adulterated,  and, 
in  fact,  can  hardly  be  called  genuine  tea. 

Besides  these,  there  are  a  number  of  special  teas,  some  of  a  very 
high  price,  and  imported  in  a  state  of  great  purity,  but  such  teas  are 
used  almost  entirely  for  mixing  or  blending.  They  are  known 
under  the  names  of  Moyone,  Moyon^  gunpowder.  Oolong,  Mannuna 
Kaisow,  scented  Pekoes,  Indian  Souchong,  Assam,  Java,  &o^ 
The  names  by  which  the  teas  of  commerce  are  most  familiar  to  the 
public  are  simply  "green"  and  "black,"  which  differ  merely  in 
accordance  with  the  method  of  preparation  followed.  Green  tea 
is  prepared  from  young  leaves,  which  are  roasted  over  a  wood  fire- 
within  an  hour  or  two  after  being  gathered.  The  black  tea  leaves, 
on  the  other  hand,  are  allowed  to  lie  in  heaps  for  ten  or  twelve 
hours  after  they  have  been  plucked,  during  which  time  they 
undergo  a  sort  of  fermentation ;  the  leaves  then  pass  through 
certain  processes,  and  are  slowly  dried  over  charcoal  fires. 
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L  Structure  of  lite  Tea  L^f. — The  border  is  Berrated  nearly, 
tlioagh  not  quite,  np  to  the  stalk. 
(See  Fig.  4.)  The  primary  veiiu 
run  out  from  the  midrib  almost 
to  the  border,  and  then  tarn  in, 
BO  that  a  distinct  space  is  left 
between  titem  and  the  border. 
The  diagnostic  mark  of  a  tea  leaf 
is,  however,  the  microscopic  ap- 
pearance of  its  epidermis,  whicu, 
especially  that  of  the  lower  side 
(see  Fig.  6),  exhibits  numerous 
small  stomata  formed  of  two  reni- 
=■  form  obIIb  of  an  average  length  of 
from  -0001338  to  001662  inch, 
and  average  breadth  -001163  to 
-000996indi.  Around  the  stomata 
are  seen  elongated  and  curved 
epidermic  cells.  This  appearance, 
80  far  as  is  known,  is  met  with 
only  in  the  tea  plant.  Stomata. 
Kg.  4.     TEA    PLANT  are  infrequent  on  the  upper  sur- 

iace,  the  epidermal  haire  arc  simple. 


Tig.  S.  — Ermuuns  or  Txa  Lkaf,  k  300.    a  under,  h  upper  rarfMie. 
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§  29.  Chemical  Compoaition  of  Tea. — Tbe  conatituents  of  tea 
axa—Egiential  oil,  theine,  hoheie  add,  quercetin,  tannin,  querei- 
trinia  acid,  gallic  acid,  oxalic  acid,  gum,  chlorophyl,  resin,  wax,  albu- 
mtnoiM,  woody,  and  colouring  malUra,  and  ash.  The  essential  oil 
of  t«a  varies  firom  0'6  to  I  per  cent.  It  is  citron-yellow,  lighter 
than  vater,  has  a  strong  odour  of  the  tea  plant,  solidifies  easily 
by  cold,  and  resinifies  on  exposure  to  air.* 

§  30.  Theine,  Cafeine,  CgHioN.Oj.— This  alkaloid  was  first 
separated  in  an  impure  condition  by  Bimgo,  from  coSee  beiiies, 
in  the  yeaj"  18S0.  It  was  found  by  Corput  and  Steuhouse  also 
to  be  a  constituent  of  tlie  leaves  of  the  coffee  tree.  Oudry,  in 
1827,  findine  it  in  various  species  of  tea,  named  it  "  Theine,"  and 
Oudry's  "Theine,"  Mulder  and  Jobst  showed  in  1838  to  be 
identical  with  caffeine.  The  alkaloid  has  also  been  discovered 
in  guamna,  mat^,  and  the  kola  nut,  by  Martius,  Stenhouse,  and 
Attfield  respectively. 

Theine  crjstallises  from  an  aqueous  solution  with  1  atom  of 
irater ;  from  ether,  in  an  anhydrous  state.  It  sublimes  la  minute 
dots  at  TS-S-C,  in  crystals  at  79-4°C.  (175'F.),  and  above.t  The 
sublimat«  consists  of  microscopic  needles  :  that  which  is  first 
produced  is  of  extremely  fine,  light  elements;  after  a  little  time, 
at  such  temperatures  as  120°C.,  the  crystals  become  longer  and 
lai^r.  The  melting  point  of  theine  is  somewhere  between 
ITT'C  and  228°C.  Theine  possesses  a  slightly  hitter  taste,  but 
is  irithoat  odour.  According  to  a  recent  research,  the  solubility 
of  theine  in  different  solvents  is  as  shown  in  table  on  next  page. 

Theine  forms  numerous  salts  of  definite  composition — the 
hydroohloratet.  t\H,„N,(),.  HClandCsITjoN^Oij,2HCl;  a  plati- 
num componml,  i\II,„N  |<  r,  HCl,  PtCI^;  a  chloride  of  gold  com- 
pound, CuHjoN,",,  i(ri.  AuClgj  a  chloride  of  mercury  and 
theine,  CgH^jN,'*,  211^'''!;  an  argentic  nitrate  with  theine, 
CgHjoN^Oj,  Aj,' V< '^ ,  ;u]'l  many  others.  Some  of  these,  such  as 
tbe  silver  compound,  separating  from  a  concentrated  watery 
solution,  and  the  mercury  compound,  almost  insoluble  in  ether, 
and  capable  of  being  dried  at  100°C.,  might  possibly  be  of  use  in 
the  estimation  of  theine. 

Theine  is,  in  large  doses,  a  poison.     Frerichs,  C.  J.  Lehmann, 

*  A  fixed  oil,  urviii);  many  pnrposen  in  Chma,  ia  extracted  from  tho  aeeda 
of  tlie  tea  pUnt.  It  ia  citroD-yellow,  apeciSc  gravity  0'92T,  aod  u  composed 
of  one  part  d  stearin  and  one  of  olein. 

i  The  mblimijiE  point  dven  by  Pelouse,  ITS^C,  and  by  Mnlder,  1S4-7°C., 

must  have  been  oEtained'bv  extremDiy  faulty  methodi.     If  a  little  theine  ia 

m  two  watch'glaBBO  OD  the  WBter-bsth,  the  almoat  Id  ' 


of  cnataU  to  the  npper  glau  wi)l  at  all  events  abow  tbat  the  subliming 
it  is  Mow  100°.     See  the  autbor'a  paper,  "  Temperature  at  which  tha 
Journal  o/Ckemkal  Society,  187^ 
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Solubility  of  Theike. 


Chlorofomit     .    . 
Alcohol  of  85  per ) 

cent.,  .    .    .     ) 
Water,    .... 
Absolute  Alcohol, 
Commercial  Ether, 
Carbon  Bisulphide, 
Purified     Anhy-) 

drous  Ether,    .  T 
Essence  of  Petro-\ 

leum,      .    .    .j 


100  gnnn.  of  Sol- 
vent at  150tol7<»C. 
diiBolTed  of 
Theine. 


I 

•a 


2-61 
1-47 

•  •• 

0-21 


I 


12-97 

2*30 

1-35 
0-61 
019 
0-0585 

0-0437 
0  025 


Co-efEicient  of 

SolabUity  at  U» 

to  17*0. 


I 

rs 


t 


1-40 
l-GS 

1/476 


1/7-72 

1/44*4 

1/74-2 
1/1647 
1/526 
1/1709 

1/2288 
1/4000 


100  grma.  of  Sol- 
tent  at  the  boiling 
point  diMoUed 
of  Theine. 


I 

n 


4973 


•  •• 


19-02 


45-55 
312 
0-454 

•  •• 

0-36 


Co-«fllolent  of 

SolabiU^  at  the 

boiliog  point. 


1 


1/2-01 


... 
••• 


1/5-25 


1/2-19 

1/32 

1/220 

1/277 


Husemann,  and  others,  have  made  themselves  the  subject  of 
experiment.  Lehmann,  after  taking  -5  grm.  suffered  from  fre- 
quency of  the  pulse,  irritation  of  the  bladder,  cerebral  excite- 
ment, slight  hallucinations,  and  lastly  desire  to  sleep.  Huse- 
mann  took  -25  grm.  with  somewhat  similar  symptoms.  Pratt, 
with  subcutaneous  injections,  of  from  -12  to  -8  grm.,  suffered  from 
symptoms  rather  different  from  the  foregoing;  -3  grm.  lessened 
the  pulse  and  caused  sleeplessness;  -4  to  -5  grm.  quickened  the 
pulse,  and  caused  a  desire  for  frequent  micturition,  but  no  dila- 
tion of  the  pupil;  -8  grm.  caused  great  uneasiness  and  anxiety, 
trembling  of  the  hands  and  arms,  so  that  he  was  unable  to  write, 
and  later  a  restless  sleep,  with  continual  di-eaming.  In  opposi- 
tion again  to  all  these  statements,  is  that  of  the  late  Mr  Coolcy,* 
who  is  said  to  have  taken  20  grains  (1-29  grm.)  of  pure  theine 
every  day  for  a  month  without  experiencing  any  other  symptom 
than  some  slight  elevation  of  spirits.  According  to  Straucli,  the 
least  fatal  dose  for  cats  is  -25  grm.,  a  quantity  which  killed  a  cat 
in  35  minutes.  In  all  experiments  on  animals  there  has  been 
increased  frequency  of  the  heart's  action,  and  repeated  emptying 
of  the  bladder  and  intestine.  No  case  of  poisoning  in  the  human 
subject  appears  to  bo  on  record.  When  given  to  animals  it  has 
been  chemically  separated  from  the  blood,  urine,  and  bile. 

•  Vide  Cooley*8  "  Dictionary  of  Practical  Receipts,"  Art.  Caffeine. 
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Tests  for  Theine,  —  Concentrated  sulphuric  and  nitric  acids 
dissolve  theine  in  the  cold  without  the  production  of  colour.  If 
the  alkaloid  is  treated  with  fuming  nitric  acid,  and  evaporated 
to  dryness,  the  reddish-yellow  residue  becomes,  when  moistened 
with  ammonia,  of  a  splendid  purple-red  colour.  If  a  solution  of 
theine  be  evaporated  with  chlorine  water  in  a  watch-glass,  a  red- 
brown  residue  is  obtained,  which  on  cooling,  and  exposure  to  the 
vapour  of  strong  ammonia,  becomes  purple- violet.  The  chief 
precipitants  of  theine  are — phosphomolybdic  acid,  yellow  preci- 
pitate ;  iodine  with  potassic  iodide,  dirty  brown  precipitate ; 
chloride  of  platinum,  yellow  hair-like  crystals,  insoluble  in  cold 
hydrochloric  acid,  slowly  separating ;  chlorides  of  gold,  mercury, 
and  nitrate  of  silver  also  give  precipitates. 

§  31.  Boheic  Acid,  CyH^QO^,  was  firat  separated  by  Rochleder 
in  1847,*  from  the  leaves  of  Thea  sinensis.  The  hot  watery 
decoction  of  tea  is  precipitated  whilst  boiling  by  sugar  of  lead, 
filtered,  the  filtrate  neutralised  by  ammonia,  the  resulting  preci- 
pitate collected,  suspended  in  absolute  alcohol,  and  freed  from  lead 
by  SHg;  the  filtrate  from  the  lead  precipitate  is  evaporated  to 
dryness  in  a  vacuum,  and  purified  by  re  solution  in  water,  <kc. 
It  is  a  pale  yellow  amorphous  powder,  melting  at  100°C.  into  a 
tenacious  mass,  and  decomposing  at  common  temperatures  if 
exposed  to  the  air.  It  is  soluble  in  all  proportions  in  water  and 
alcohol,  is  coloured  brown  (but  not  precipitated)  by  chloride  of 
iron,  and  forms  for  the  most  part  amorphous  salts  insoluble  in 
water. 

§  32.  Quercitnnic  Acid,  CggHg^Oj^,  first  discovered  by  Chevreul 
and  Bi'andt  in  the  Quercus  tinctoria,  and  stated  by  Hlasiwetz 
to  be  in  tea  leaves,  can  be  crystallised  from  an  aqueous  solution. 
It  forms  sulphur  or  chrome-yellow  microscopic  tables,  contain- 
ing 3  atoms  of  water,  part  of  which  is  expelled  at  100°C.,  the 
rest  at  from  165°  to  200°C.  Its  reaction  is  neutral,  and  it  is 
without  odour,  but  has  a  marked  bitter  taste  when  in  solution. 
It  melts  at  from  160°  to  200°C.  to  a  resinous,  amorphous  mass. 
Its  solubility  is  as  follows : — Cold  water  2485,  boiling  143 ; 
cold  absolute  alcohol  23*3,  boiling  3*9;  ether  dissolves  it  slightly, 
warm  acetic  acid  copiously.  Sugar  of  lead  precipitates  almost 
completely ;  the  precipitate  is  soluble  in  acetic  acid. 

§  33.  Quercetin,  first  obtained  by  Rigaud,  1854,  from  the  split- 
ting up  of  quercitrinic  acid,  is,  according  to  Filhol,  to  be  found 
in  the  green  leaves  and  fiowers  of  all  plants.  Its  formula  is  given 
as  ^p^-u^O^',  it  forms  fine  yellow  needles,  or  a  citron-yellow 
powder,  which  gives  up  at  a  temperature  of  120°,  7  to  10  per  cent. 
of  water  of  crystallisation.  It  melts,  according  to  Zwenger  and 
•  Rochleder,  Amu  Chem,  Pharm.y  Ixiii.  202. 
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Droake,  above  SSO^C.  without  decomposition,  solidifying  agniii, 
in  B,  crystalline  meas,  and  it  may  be  bIbo  sublimed  with  only 
partial  carbonieation.     It  is  vory  little  soluble  in  water.     Warm 
acetic  acid   dissolyes  it   copiously,  bnt  it  separates  on  cooltnf 
Alcohol  dissolves  it :  229'3  psxte  of  cold,  18-2  parts  of  hot  ftD 
absolute,  arc   required.     A  solution  of  quercetin  coloun  Use 
bright  yellow,  sugar  of  lead  prcoipitates  the  alcoholic  solution 
cherry  red,  and  chloride  of  iron  dark  red.     A  combination  wit' 
sodium  or  potassium  can  be  obtained,  NojO,  C^H.gO,^ 

The  other  constituents  of  tea,  such  as  gallic  ana  tannio 
gum,  4c,,  are  too  well  known  to  neud  dcBcription. 

§  34.  Analysis  of  Tea. 

We  possess  no  complete  analysis  of  ten  ;  partial  annlyses  a 
numerous.     An  often  quoted  one  by  Mulder  is  as  follows  : — 

Easentinl  Oil (I'lHl  0  TU 

Chlorophjl \-m  222 


Wax, 

0110 

.       12-88 

Theiuc, 
Extract! 

e  Mntter,  '.        '. 

0-4ti 
.      21 -35 

3IA1T    CO]V 


gr'c  "ul""' '""  '"*  "^^ 


2-S9      I 
3-68      I 


^^H 

^^^^^^^HH 

■ r, 

_^^H 

■ 

Eni 

■  1 

■ 

■■&■ 

BM^^lii 

1, 

.<^               |J,    s. 

•1 

i.-  ■ 

■# 

1 
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•«  . 

1 

1 
<• 

^1 
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of  both  the  cork  &nd  the  enclosed  leaf;  on  floating  the  sections  in 
water,  the  film  of  cork  may  bo  readily  separated  from  tlie  lead 
^e  epidermis  of  the  lower  or  upper  surface  can,  with  a  little 
practice,  be  detached  in  small  portions  by  the  aid  of  a,  sharp  razor, 
and  examined  in  water,  glycerine,  or  dammar  balsam,  under  the 
microscope.*  The  structure  of  the  tea  leaf  Las  been  already 
noted.  The  following  is  a  brief  description  of  the  pi-incipal 
lesTes  snpposed  to  be  used  as  adulterants  : — 

$  35.  Beech  (Fayua  tylvaliea).  (See  Fig.  C.)— The  leaves  of 
the  beech  are  ovato,  glabrous,  obscurely  dcntute,  ciliate  at  the 
edges,  the  veins  running  parallel  to  one  another  right  to  the 
edge.  The  leaf,  slightly  magnified,  is  seen  to  be  divided  into 
quadrilateral  spaces  by  n  network  of  transparent  cells.  On  sec- 
tion, the  parenchyma  of  the  leaf  is  found  to  consist  of  an  iipper 
layer  of  longitudinal  cells,  and  a  lo'wer  of  looso  cellular  tissue, 
enclosed  between  the  epidermis  of  the  upper  and  under  surface. 
The  whole  section  is  thus  divided  into  oblong  spaces  by  trans- 


Fig.  C— EpiDEEMis  OF  Beecti  Leaf,  ; 


300. 


'Tbere  an  various  icction-oiRcliines  In  ttse,  but  after  trjing  several  I 
haTc  fniMken  >U,  save  in  cases  of  soft,  pulpy  tiBEaeg.  Ac,  where  it  is  con- 
VBSieiit  to  freeze  the  substance.  With  a  very  little  practice,  BuSicieot 
yi^wnfl  dexterity  to  obtain  a  Xuo  section  is  acijuired  with  the  lingerB 
The  whole  of  the  beautiful  |ire]>ariitioiis  whence  .Schlciden  obtamed 
'~~'~~''    II  for  hii  botanical  worhs  were  taken  by  the  aid  simpl]'  of  a 
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p&rent  cellB  connecting  the  cuticle  of  tbe  apperuul  lower  Bnr&oea. 
The  epidermic  of  both  the  npper  aad  lower  aiu&eei  is  composed 
of  cbUs  -vith  fin  extremely  Binuons  outline  (see  Fig.  6).  The 
stomata  are  small,  not  numerons,  and  almost  round ;  sTerage 
length,  -000996  indi,  average  breadth,  -00083  inch.  Beech  leaves 
contain  manganese. 

§  36.  HawAorn  {CnUagua  (xei/aeanthgC). — At  least  two  vaiieties, 
the  more  common  of  which  ia  the  G.  monogyna,  with  obovate 
three-  to  four-deeply  lobed  leaves,  with  the  lobes  acate.  The 
leaf  is  divided  into  quadrilateral  spaces,  like  the  beech  and 
many  other  leaves,  by  a  transparent  network.  The  epidermis  of 
the  upper  snr&ce  is  composed  of  a  layer  of  thin-^ralled  cells, 
generally  quadrilateral,  outline  s^dom  sinuoua,  The  epidennis 
of  the  lower  sur&ce  Has  a  layer  of  thin-walled  cells,  witA  a  very 
sinuous  outline.  Stomata  large,  distinct,  and  numerous,  in  many 
instances  nearly  round,  but  the  shape  mostly  ovaL  The  average 
lengtb  of  the  stomata  is  -00166  inch,  the  avenge  breadth  -00119 
to  -0015  inch.    (See  Fig.  7.) 


§  37.  CamelUit  Sassanqua. — The  leaves  of  Camellia  amaanqua 
are  oval,  obscurely  serrate  (the  younger  loaves  entire),  dark 
green,  glabrous,  of  somewhat  leathery  consistence ;  the  lateral 
veins  of  the  leaf  are  inconspicuous. 

Micro-structure. — The  parenchyma  of  the  leaf  is  i)laced  between 
two  thickened  epidermal  layers;  the  epidui-mis  of  tlie  upper  surface, 
as  seen  upon  a  section,  forms  a  wrinkled,  continuous,  thick  mem- 
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bnne,  in  wliich  a  cellular  structure  is  not  very  evident.  Below 
this  there  are  two  or  three  laj'ers  of  large  cella,  more  or  less 
oblong,  with  tlicir  long  diameter  at  right  angles  to  the  surface  of 
the  leaf;  and  underneath  this  again  is  a  loose  network  of  cells, 
resting  upon  an  epidermis  in  every  respect  similar  to  that  of  the 
upper  surface,  but  only  half  as  thick.  A  thin  layer  of  either  the 
upper  or  lower  epidermis  shows  a  peculiar  dotted  or  reticulated 
ftppeaiance,  not  unlike  the  rugae  of  a  stomach.  The  lower 
epidermis  is  studded  with  frequent  stomata,  which  are  of  an 
oblong  shape,  length  -001328  inch,  breadth  -000S3  inch.  (See 
Kg.  8.) 


Fig.  a. 


Leaf  of  Camellia 


§  38.  SUie  (Prutius  communis). — The  leaves  of  the  common 
aloe  are  rather  small,  elliptic  or  ovate-lanceolate  in  shape,  and 
slightly  downy  beneath.  The  sectional  thickness  of  the  leaf 
is  the  same  as  that  of  tea,  viz.,  -00664  inch.  The  stomata  on 
the  lower  surface  are  scanty,  in  length  about  -OOIGG  inch;  in 
breadth,  '00083  iuch.  The  microscopical  appearances  are  wholly 
different  frofti  those  of  tea  leaves,  more  especially  as  seen  in 
section.     (See  Fig.  9.) 

§  39.  Chloratttfius  Ltconspicvns.—Tho  leaves  of  the  Chloranthua 
tneofupieiata  ore  long,  oval,  seiTate,  wrinkleil,  the  veins  running 
nearly  to  the  edge,  and  there  forroing  a  network  in  such  a 
:,  that  at  the  point  of  intersection  little  knots  are  formed. 
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Fig.  9,— Skctios 


-wliicli  give  the  margin  of  the  leaf  a  veiy  rough  feeling.  The 
structure  of  the  leaf  is  very  simple.  The  epidermis  of  the  upper 
BurfacB  is  formed  of  one  or  two  layers  of  thiu-walled  cells,  the 
epidermis  of  the  lower  of  one  or  two  layera  also  of  cells,  and 
between  the  two  there  is  a  parenchyma  of  loose  cellular  tissue. 
The  stomata  are  oval  and  rather  numerous ;  their  length  is 
from  -001992  to  002188  inch,  their  breadth  001338  inch.  The 
cells  of  the  epidermis  are  Inrge,  some  of  them  '005  inch  or  more 
in  their  long  diameter."     (See  Fig  10.) 

The  dimensions  of  the  stomata  of  the  various  leaves  just  de- 
scribed may  be  conveniently  arranged  in  a  tabular  form,  thus — 


LengDi  dT  fjiomala. 


Breadth  or  SlomaU. 


Beech,          ....     "(KKKKW  "00083 

Camellia  lanuiqua,      .        .     -001.120  00083 

Tea,     .        .    Axon -001162  to  001328  from -00009G  to  001162 

Sloe, -00160  -00083   . 

Hawthorn -00166  -00149 

CUoranthuH  incoDspicnns,         -001903  -001328 

*  The  leaves  of  EpUobium  anijutti/olium  {comTnon  wUttnc  kerb)  are  said  to 
be  eiteiiBively  used  in  Euuja  for  the  adulteratioa  of  tea.  The  dried  leaves 
•re  aold  for  from  four  to  six  roubles  a  pound,  and  are  a»cd  by  the  poorer 
claww  in  the  place  of  tea.  Alcohol  prodocei  in  infoBionB  of  epilobium  a 
idpitate  of  mucilaee.— PAorm.  ZeiUch,  JUr  Buatland,  and  Ytar-Boot  of 
IF,  1876. 
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A  cbemical  method  for  the  detection  of  foreign  leaves  (adulter- 
ants) was  firat  described  by  the  writer  in  June,  1877.*  It  ii 
based  npon  two  {acta,  firstly,  that  every  part  of  a  theine-piodnang 
plant — wood,  etem,  leaf,  flowers,  and  even  hairs — contains  the 


Fig.  10. — (a)  £pn>KitMis  of  Under  Surface  of  the  Leaf  of 

Cklo&antkus  Inconspicudm,   X  300. 

(6)  Section  neak  Edce. 

alkaloid;  and  secondly,  that  this  can  be  readily  sublimed.     Thn 

leaf,  or  fragment  of  a  leaf,  is  boiled  for  a  minute  in  a  watch-glass 
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with  a  very  little  water,  a  portion  of  burnt  magnesia  equal  in 
bulk  is  added,  and  the  whole  heated  to  boiling,  and  rapidly 
evaporated  down  to  a  largendzed  drop.  This  drop  is  transferred 
to  the  '^  subliming  cell,"  described  i|i  another  portion  of  this  work^ 
(see  Indexy)  and  if  no  crystalline  sublimate  be  obtained,  when 
heated  up  to  llO^C.  (a  temperature  &r  above  the  subliming  point 
of  theine),  the  fragment  cannot  be  that  of  a  tea  plant.  On  the 
other  hand,  if  a  sublimate  of  th^ine  be  obtained,  it  is  not  con- 
clusive evidence  of  the  presence  of  a  tea  leaf,  since  other  plants 
of  the  camellia  tribe  contain  the  alkaloid. 

Finally,  there  is  a  nj^ative  test  which  may  occasionally  be 
valuable.  All  fragments  of  tea  hitherto  examined  contain  man- 
ganese, and  there  are  a  few  foreign  leaves  in  which  manganese  is 
constantly  absent  Hence,  if  a  leaf  be  burnt  to  an  ash,  and  a 
fragment  of  the  ash  be  taken  up  on  a  soda-bead,  to  which  a  little 
potassic  nitrate  has  been  added,  the  absence  of  the  green  man- 
ganate  of  soda  would  be  sufficient  evidence  that  the  leaf  had  not 
been  derived  from  the  tea-plant,  while  conversely,  as  in  the  case 
of  theine,  it  docs  not  in  itself  prove  it  to  be  tea. 

Another  portion  of  the  tea  leaves  should  be  thoroughly  bruised, 
spread  on  a  glass  plate,  and  carefully  searched  with  a  magnet  for 
ferruginous  particles — the  so-called  iron-filings,  which  are  occa- 
sionally found,  especially  in  Capers  and  certain  species  of  Congou. 
It  is  almost  unnecessary  to  state  that  the  black,  irregular  masses 
found  in  tea,  and  attracted  by  a  magnet,  are  not  metallic  iron.* 
Their  chemical  composition  is  somewhat  variable ;  they  all  con- 
tain magnetic  oxide  of  iron,  and  many  of  them  in  addition  phos- 
phate of  iron,  titanate  of  iron,  quartz,  and  mica  with  a  little 
sand.  They  are,  without  doubt,  sometimes  an  adulteration  (the 
author  has  himself  found  over  1  per  cent.),  and  sometimes  an 
impurity,  for  in  a  few  teas  mere  traces  only  of  this  ferruginous 
sand  may  be  discovered.  Any  particles  of  the  kind  extracted  by 
the  magnet  should  be  collected  and  treated  with  hot  water,  which 
soon  disintegrates  them;  the  adherent  tea-dust  is  separated, 
and  the  sand  dried  and  weighed. 

To  detect  facing,  the  tea  in  its  dried  state  should  be  mounted 
as  an  opaque  object.  If  it  has  the  appearance  of  being  heavily 
faced,  soaking  in  warm  water  will  soon  detach  the  film ;  and 
indigo,  Prussian  blue,  or  similar  substances  will  sink  to  the 
bottom,  and  may  be  collected  and  examined.  Indigo  may  be 
identified  by  the  microscope.     Prussian  blue  may  be  tested  for 

*  Mr.  Allen  appears  to  have  found  metallic  iron  in  tea.  The  test  for 
metallic  iron  is,  that  nitric  acid,  1*2  specific  gravity,  dissolves  it  with  tiie 
production  of  red  fhmes  ;  it  also  precipitates  metallic  copper,  if  added  to  an 
addnlated  eolation  of  cuprio  snlphate. 
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by  wanning  the  deposit  with  caustic  alkali,  filtering,  acidifying 
the  filtrate  with  hydrochloric  acid,  filtering  again  if  necessary, 
and  testing  the  filtrate  with  ferric  chloride.  The  residue  left 
after  treatment  with  caustic  alkali  may  be  tested  for  magnesium 
silicate,  by  first  extracting  with  HCl,  and  then  collecting  the 
insoluble  residue,  and  fusing  it  with  an  alkaline  carbonate.  The 
silica  is  now  separated  in  the  usual  way  by  evaporation  with  HCl 
to  dryness,  subsequent  solution  in  weak  acid,  and  filtration;  any 
lime  is  removed  by  ammonia  and  ammonic  oxalate ;  and  lastly, 
magnesia  is  precipitated  as  ammon.  mag.  phosphate.  Magnesia 
found  under  these  circumstances  must  have  been  present  as 
steatite  or  other  magnesian  silicate. 

(2.)  Chemical  Analysis, — The  preliminary  examination  of  the 
tea  having  been  concluded,  the  sample  is  next  submitted  to 
chemical  analysis.  If  the  question  to  be  decided  is  simply  that 
of  adulteration,  the  taste  of  the  infusion,  the  percentage  of 
extract,  and  a  determination  of  the  chief  constituents  of  the  ash 
is  in  most  cases  all  that  is  necessary ;  but  a  more  or  less  complete 
examination  embraces  a  quantitative  estimation  of  hygroscopic 
moisture,  theine,  total  nitrogen,  tannin,  extract,  gum,  and  ash. 

§  40.  Hydroscopic  Moisture, — The  ordinary  method  of  taking 
the  hygroscopic  moisture  of  tea  is  to  powder  as  finely  as  possible 
an  indeterminate  quantity  of  from  1  to  2  grms.,  and  to  heat  it 
in  a  watch-glass  over  the  water-bath  until  it  ceases  to  lose  weight. 
It  should  be  finally  weighed  between  two  watch-glasses,  since  it 
rapidly  absorbs  moisture  from  the  air. 

The  method  given  is  in  its  results  incorrect,  since  some  volatile 
oil  and  a  small  proportion  of  theine  are  always  volatilised.  That 
theine  is  actually  lost  is  capable  of  rigid  demonstration ;  it  is 
only  necessary  to  heat  a  few  leaves  of  tea  between  two  watch- 
glasses  over  the  water-bath,  and  theine  crystals  can  be  readily 
discovered  by  the  microscope.  To  devise  a  process  of  drying  tea 
which  will  represent  water  only  is  easy ;  but  since  the  loss  both 
of  volatile  principles  and  theine  does  not  materially  affect  the 
results,  it  is  scarcely  worth  while  to  complicate  the  analysis  by 
the  use  either  of  a  lower  temperature  or  of  processes  of  absorp- 
tion. The  highest  amounts  of  moisture  in  a  genuine  tea  which 
are  on  record  arc  two  specimens  from  Cachar,  analysed  by  Pro- 
fessor Hodges — the  one  (indigenous)  gave  16*06  per  cent.,  the 
other,  a  hybrid,  16-2  per  cent.  These  were,  however,  not  com- 
mercial teas,  and  appear  to  have  been  simply  dried  in  heated 
rooms.  The  average  hygroscopic  moisture  found  by  Mr.  Wigner 
in  thirty-five  teas,  consisting  of  Hysons,  Capers,  Souchongs,  Gun- 

S^wders,  and  others,  was  7*67  per  cent.,  the  driest  teas  being  the 
ysons  and  Gunpowders,  the  moistest  the  Congous : — 
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The  maximum  amount  of  moistare  found  in  HyMO,  . 

The  minimum 

The  maximum 

The  minimum 

The  maximum 

The  minimum 


uunpowdsr, 

Congou, 

t* 

ff*68 
4-84 
6*05 
4-M 

10-as 

6-M 


§  41.  27m  EtUmoHan  of  Tkeim  or  Ce^eine. — ^The  modem  pro- 
cesses for  extracting  theine  fedl  chiefly  under  three  heads : — 

(1.)  Extraction  by  treaUng  a  deeoetion  of  A$  thmn^^otUaimnff 
substances  vnth  lime  or  burrU  magnesia^  evaporation  io  drmea,  and 
subseqtient  solutian  of  the  alkaloid  by  Moroformf  eiker,  or  MtMnM— 
The  fundamental  idea  of  this  prooess  perhapi  belongs  to  Miiller ; 
it  has  also,  with  various  modifioationsy  been  reoommended  by 
Olous,  Gommaille,  Dragendorff,  and  many  other  chemists. 

Commaille  adopts  the  following  method : — 5  grms.  of  finely 
powdered  and  carefolly  sifted  substance  are  made  into  a  hard 
paste  with  1  grm.  of  calcined  magnesia.  This,  after  stand- 
ing for  twenty-four  hours,  is  dried  upon  a  water-bath  and 
powdered.  The  resulting  green  powder  is  exhausted  three 
successive  times  in  a  flask  with  boiling  chloroform,  the  flask 
being  connected  with  an  inverted  Liebig's  condenser,  so  that  the 
action  may  be  continued  for  a  long  time.  The  cool  solution  is 
filtered,  the  chloroform  recovered  by  distillation,  and  the  residue 
in  the  flask  dried.  This  residue  consists  of  resinous  fatty  matters 
and  theine;  the  former  are  removed  by  treating  the  contents  of 
the  flask  with  hot  water  and  10  grains  of  powdered  glass,  which 
have  been  previously  washed  with  dilute  hydrochloric  acid.  The 
water  is  boiled  and  the  contents  shaken  up  with  the  glass,  the 
resinous  matters  attach  themselves  to  the  latter  in  the  form  of 
little  globules.  The  solution  is  poured  on  a  wet  filter,  and  the 
residue  completely  exhausted  by  repeated  boiling  with  fresh 
quantities  of  water.  On  evaporating  the  united  filtrates  in  a 
tared  capsule,  pure  caffeine  is  left  in  the  form  of  white  crystals. 

Dragendorff  takes  5  grms  of  the  substance,  exhausts  it  with 
boiling  water,  evaporates  to  dryness,  adding  2  grms.  of  burnt 
ma^esia  and  5  of  ground  glass;  the  finely  powdered  residue  is 
soaked  in  60  cc.  of  ether  for  twenty-four  hours,  and  finally 
thoroughly  exhausted  by  ether.  The  latter,  when  separated  and 
evaporated,  leaves  the  theine  in  a  tolerably  pure  state.  He  also 
states  that  ether  may  be  replaced  by  chloroform.  Cazeneuve 
and  Caillot  recommend  a  very  similar  process,  but  magnesia  is 
replaced  by  recently  slaked  lime,*  ether  by  chloroform.  Markow- 
nikoff  uses  benzine  instead  of  the  solvents  mentioned. 

*  The  present  writer  doei  not  believe  that  magnesia  can  be  replaced  with 
lime  without  loss  of  theine  from  decomposition. 
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In  all  the  above  processes  there  is  one  source  of  error  which 
does  not  appear  sufficiently  guarded  against — viz.,  loss  of  theine 
during  the  evaporation  to  dryness,  since  it  is  absolutely  impossible 
to  evaporate  a  decoction  of  tea  and  magnesia  to  dryness  at  100**C. 
without  loss  of  the  alkaloid — a  loss  which,  so  far  as  the  author's 
experiments  go,  does  not  take  place  until  the  mixture  is  quite 
dry.  The  following  modification  may  therefore  be  proposed  : — 
4  to  5  grms.  of  the  tea  are  boiled  in  a  flask  with  an  inverted 
Liebig's  condenser  for  a  couple  of  hours,  the  liquid  and  leaves 
are  transferred  to  an  evaporating  dish,  some  magnesia  added, 
and  the  whole  concentrated  to  a  pasty  condition.  This  paste  is 
treated  and  thoroughly  exhausted  by  chloroform ;  the  latter  is 
separated  and  evaporated,  and  the  chloroformic  extract  redis- 
solved  in  a  little  boiling  water,  the  solution  filtered,  evaporated 
to  dryness  at  a  very  gentle  heat,  and  weighed. 

(2.)  Simple  treatment  of  the  powdered  leaves  by  solvents. — Legrif 
and  Petit  soften  the  leaves  first  with  boiling  water,  and  then 
extract  the  moist  mass  by  the  aid  of  chloroform.  Other 
chemists  simply  exhaust  the  powdered  substance  by  chloroform 
or  ether;  subsequent  purification  may  of  course  be  necessary. 

(3.)  Sublimation. — A  method  of  utilising  tea  dust  by  making 
it  a  source  of  theine,  was  recommended  by  Heijnsius  {Joum* 
Frac.  Chem.,  xlix.  317).'  The  tea  dust  was  simply  treated  in  a 
Mohr^s  benzoic  acid  subliming  apparatus.  Stenhouse  improved 
this  process  by  precipitating  either  a  spirituous  extract,  or  a 
decootion,  of  tea  by  acetate  of  lead,  evaporating  the  filtrate  to 
dryness,  mixing  the  residue  with  sand,  and  subliming.  These 
processes  of  sublimation,  however,  were  proposed  simply  for  the 
extraction,  not  the  estimation,  of  theine. 

The  writer,  in  1877,*  proposed  the  following  quantitative 
method  of  sublimation : — A  convenient  quantity  of  the  tea  was 
boiled  in  the  way  mentioned,  magnesia  added,  and  the  whole 
evaporated  to  a  paste,  which  was  spread  on  a  thin  iron  plate,  and 
covered  with  a  tared  glass  funnel.  The  heat  at  first  was  very 
gentle,  but  was  ultimately  raised  at  the  later  stages  of  the  pro- 
cess to  200®C.  The  theine  sublimes  perfectly  pure  and  anhydrous, 
and  forms  a  coherent  white  coating  on  the  sides  of  the  funnel  j 
the  increase  of  weight  is  simply  anhydrous  theine.  To  ensure 
success  it  is  absolutely  necessary — 

(1.^  That  the  layer  be  as  thin  as  possible. 

(2.)  That  the  heat  be  only  gradually  increased. 

(3.)  That    the    mixture    be    occasionally   cooled,    and    then 
thoroughly  stirred. 

{4.)  That  tlie  sublimation  be  prolonged  for  a  sufiicient  time. 

*  Op.  cit. 

H 


98  A  ICANUAL  OF  FBACTTOAL  CHXXI8TBY.  [§  4S,  4S. 

The  snblimation  is  finished  when  a  funnel,  inserted  orer  the 
substance,  heated  to  about  ISO^C,  and  left  for  half  an  hour,  shows 
no  crystals. 

§  42.  Delerminoiiion  of  Tcitd  Nitrogen, — Eeligot,  and  Wanklyn 
as  well,  have  laid  particular  stress  on  the  lai^  amount  of  nitrogen 
contained  in  tea  leaves.  This  nitrogen  is,  of  oourse,  laij^y 
dependent  on  the  theine,  and  it  is  questionable  whether,  with 
the  improved  methods  for  the  extraction  of  the  latter,  it  is 
worth  while  to  make  a  combustion,  more  eepeoiBllj  as  the 
exhausted  leaves  are  highly  nitrogenous,  from  the  presence  of 
an  albuminous  body.  The  process  is  conducted  in  the  usual 
way  in  a  combustion  tube,  and  best  with  copper  ocdde.  The 
following  are  a  few  determinations  of  total  nitrogen : — 

Vw  omt  Aaalmad  tqr 

A  samite  of  ^uine  tea  from  Gichar,        4*74  ffoagm, 
A  hybrid  vanety,                      do^            2*81  „ 

Another  Mmple  from  Cadhar,     .  4^  „ 

60  Black  teas, 3-26  Wigner. 

6  Assam  teas, 3*64  „ 

6  Caper  teas, 3*32  ,, 

Assam  tea,  from  Dr.  M*Namara*s  garden,  3*88  „ 

Sample  of  exhausted  leaves,       .        .  3*80  ,, 

Mr.  Wanklyn  has  applied  his  ammonia  process  to  the  examina- 
tion of  tea.  The  soluble  matter  from  100  mgrms.  of  tea  is  heated 
with  a  10  per  cent,  solution  of  potash  in  a  flask  fitted  to  a  proper 
condenser,  until  all  the  ammonia  is  distilled  over.  It  may  be 
necessary  t.0  add  water  once  or  twice,  and  redistill;  then  50 cc.  of 
a  strongly  alkaline  solution  of  permanganate  of  potash  are  added 
and  distUled;  the  ammonia  in  the  distillates  is  estimated  by 
"  Nesslerising."  Mr.  Wanklyn  gives  the  following  figures  as 
yielded  by  a  genuine  tea — 

MgrmB. 

Free  Ammouia, 0-28 

Albuminoicl  Ammoni:;,   .  0*43 

0-71 

100  mgrms.  of  genuine  tea,  sent  to  the  writer  by  Dr.  Shortt, 
of  Madras,  yielded  total  ammonia  '81.  We  only  require  a  few 
lumdred  determinations  of  ammonia  in  this  way,  to  have  some 
guide  to  the  variations  met  with  in  all  kinds  of  tea :  this  would 
afibrd  far  more  information  than  an  ordinary  combustion. 

§  43.  Determination  of  Tannin, — Tlie  methods  proposed  for  the 
determination  of  tannin  are  very  numerous.  Three  only,  how- 
over,  require  any  notice  here — viz.,  the  gelatine  process,  Mr. 
Allen's  acetate  of  lead  process,  and  Lowentlial  s  process. 
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(1.)  By  Crdatine, — The  best  process  by  gelatine  is  decidedly 
that  which  dispenses  with  the  drying  and  weighing  of  the  pre- 
cipitate. A  solution  of  gelatine  is  carefully  made  by  first  soak- 
ing the  gelatine  in  cold  water  for  twelve  honrs,  then  raising  the 
heat  to  lOO^C,  by  placing  the  bottle  on  the  water-bath  (the 
strength  shotild  be  about  3  per  cent.),  and  finally  about  *8  per 
cent,  of  alnm  should  bo  added.  A  portion  of  the  solution  thus 
prepared  is  put  into  an  alkalimeter  flask  {e,g.,  Schuster's),  and 
carefully  weighed.  A  solution  containing  a  known  quantity  of 
tannin  is  now  titrated  with  the  gelatine  until  a  precipitate  no 
longer  occurs;  the  flask  is  reweighed,  and  the  loss  shows  approxi- 
mately the  strength  of  the  solution.  One  or  two  more  exact 
determinations  wUl  be  required  to  get  the  correct  value.  It  is 
necessary  to  allow  the  precipitate  now  and  then  to  settle,  and  a 
few  drops  of  the  supernatant  fluid  should  be  placed  on  a  watch- 
glass,  to  which  a  drop  of  gelatine  may  be  added,  and  thus  the 
point  of  saturation  ascertained.  The  tannin  in  a  decoction  of  tea 
is,  of  course,  estimated  on  precisely  similar  principles. 

(2.)  Mr.  Allen* s  Lead  Process. — A  filtered  solution  of  lead  acetate 
•5. per  cent.,  a  solution  of  5  mgrms.  of  pot.  ferridcyanide,  5  cc.  of 
strong  ammonia  water,  and  5  cc.  of  pure  water,  and  lastly,  solu- 
tion of  pure  tannin  (•!  per  cent.)  are  required.  The  process  essen- 
tially depends  upon  the  precipitation  of  tannin  by  lead  acetate, 
and  using  ammoniacal  pot.  ferridcyanide  as  an  indicator.  The 
latter  agent  strikes  a  pink  colour  with  tannin.  The  solution  is 
standardised  by  taking  a  known  volume  of  the  lead  solution,  and 
dropping  in  the  tannin  liquid  until  a  small  portion  filtered  gives 
a  pmk  colour  with  the  indicator. 

Tea  is  tested  in  a  precisely  similar  manner.  Mr.  Allen's 
method  is  tolerably  speedy  and  accurate ;  the  writer  has,  how- 
ever, found  the  final  reaction  somewhat  difficult  to  observe. 

(3.)  LowenthaTs  process, — Up  to  the  present  time  this  method 
(originally  worked  out  for  barks)  is  the  best  we  possess ;  it  depends 
on  the  oxidation  by  permanganate,  and  indigo  is  used  as  an  indi- 
cator. It  not  alone  gives  us  the  tannin,  but  the  amount  of  other 
astringent  matters  as  well.  The  following  solutions  are  required : — 

(1.)  A  solution  of  potass,  permanganate,  1'333  grms.  per  litre. 

(2.)  Precipitated  indigo,  5  grms.  per  litre. 

(3.)  Dilute  sulphuric  acid  (1  :  3). 

(4.)  A  solution  of  gelatine,  25  grms.  to  litre,  saturated  with 
table-salt.* 

♦  Lowenthal  prepares  the  solution  by  steeping  25  grms.  of  the  iinest 
Cologne  due  in  cold  water  over  night ;  it  is  then  melted  on  the  water-batb, 
wfeafstedwith  NaCl,  and  made  up  to  1  litre  wnth  saturated  NaCl  solution, 
filtered,  and  kept  well  corked. 
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(5.)  A  saturated  solution  of  puxe  salt^  oontainiiig  S5  c&  of 
sulphuric,  or  50  cc.  of  nydrodiloric  aoid  par  litre. 

The  analysis  as  applied  to  the  determination  of  tannin  in 
barksy  is  performed  thus : — 10  grms^  saj,  of  sumaoh  axe  laiken 
and  exhausted  hj  boiling  with  water,  and  the  solntion  made 
up  to  1  litre ;  of  this  infusion^  10  o&  are  mixed  with  75  oo.  ol 
water,  25  cc.  of  the  indigo  solution  added,  and  10  o&  of  the  dilute 
sulphuric  add.  The  permanganate  solution  is  run  drop  by  drop 
from  the  burette  with  constant  stirring,  tiU  the  blue  odour  chanum 
to  yellow,  when  the  amount  of  permanganate  used  iA  noted  («).^nie 
same  process  is  repeated  with  indigo  and  sulphuric  add,  ud  the 
amount  read  off  (y) ;  subtracting  y  from  x  s  total  aalnngent 
matters.  The  permanganate  oxidises  both  tannin  and  indigo,  but 
the  tannin  being  the  easier  to  oxidise,  is  consumed  first.  In 
order  to  obtain  accurate  results,  the  proportion  of  indigo  should 
be  such  as  to  require  about  twice  the  quantity  ofpermanfianate 
which  would  be  consumed  by  the  tannin  alone.  TkuB,  if  indigo 
alone  requires  10  cc.  of  permanganate  to  decolorise  it,  the  indigo 
and  tannin  together  must  not  take  more  than  about  15  cc. ;  if  it 
does  so,  the  tannin  must  be  diluted  accordingly.  The  total  astrin- 
gent matters  being  known,  the  next  step  is  to  throw  the  tannin 
out,  and  estimate  the  gallic  acid  and  impurities.  100  cc.  of  the 
infusion  are  mixed  with  50  cc.  of  the  salted  gelatine  infusion ;  after 
stirring,  100  cc.  of  the  salt  add  solution  are  added,  and  the 
mixture  allowed  to  stand  for  twelve  hours.  It  is  then  filtered, 
and  an  aliquot  part  of  the  filtrate  is  oxidised  by  permanganate 
and  indigo,  as  before. 

Lowenthal  gives  the  following  example  :  10  grms.  of  sumach 
were  boiled  in  750  cc,  and  after  cooling  made  up  to  one  litre : — 

(1.)  10  cc  of  sumach  infuaion, )  ,  Peram^nftto. 

^    '  26  cc.  of  indigo  sdutioiTr^'^"'"^       *        '  ^^'^ 

Do,  repeated,  16*5 

331 

50  cc  of  indigo  solution  alone,  .  .13*2 

Total  pennanganate  for  20  cc  of  sumach,  .        .19*9 

(2.)  50  cc  filtrate  firom  the  geUtine, )  ^^«.„^^j  ,  i  ^ 

25  cc.  indigo  solution,  { co^^^ed,     .        .11-2 

Do.,  repeated,  11*1 

22-3 

50  cc.  indigo  alone,  13*2 

Gallic  acid  and  impurities,  .9*1 

Deducting  9*1  cc.  from  19*9  cc.  equals  10*8  cc.  as  permanganate, 
univalent  to  the  tannin  of  20  cc.  of  sumach  infusion,  or  0*2  grms. 
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of  dry  snmacb.  It  is  well  to  ascertain  the  value  of  the  perman- 
gaxiate  solution  by  oxalic  acid,  adopting  the  numbers  given  by 
Neubauer  and  Oser — viz.,  that  0*063  oxalic  acid  is  equal  to 
0*04157  gallo-tannic,  and  -062355  quercitannic  acids.  Should 
it  be  preferred  to  use  tannin,  the  purest  commercial  tannin  must 
be  precipitated  by  lead,  the  precipitate  freed  from  lead  in  the 
usual  way,  and  the  solution  of  pure  tannin  then  evaporated  to  com- 
plete dryness,  and  a  solution  of  convenient  strength  made.  The 
process  requires  but  little  modification  to  be  applicable  to  tea. 

The  amount  of  tannin  in  genuine  teas  seems  to  be  variable, 
the  lowest  number  being  apparently  about  8  per  cent.,  whilst  Mr. 
Wigner,  as  example  of  very  astringent  teas,  gives  the  following: — 

Per  cent. 

Moyone  sroimg  Hyson, 39*0 

Very  choice  ABsam,  33*0 

Indian  young  Hyson, 39*0 

Assam  tea  from  Dr.  M'Namara^s  garden,     .  27*7 

Caper,  mixed,  42*3 

Exhausted  tea  leaves  yield  from  2  to  4  per  cent  of  tannin.  A 
tea  giving  only  6  or  7  per  cent,  of  tannin  is  to  be  regarded  as 
suspicious,  but  care  must  be  taken  not  to  rely  upon  any  single 
indication. 

§  44.  TJ^  Extract — The  extract  is  a  measure  of  the  soluble 
matter  in  tea.  Peligot  exhausted  the  leaves  and  then  redried 
them,  and  thus  estimated  the  soluble  matt^  by  difference. 
Wanklyn,  however,  has  proposed  a  more  rapid  and  convenient 
method.  It  consists  in  taking  10  grms.  of  tea,  and  boiling  with 
500  cc.  of  water,  the  flask  being  adapted  to  a  Liebig's  condenser. 
When  50  cc.  are  distilled  over,  the  process  is  stopped,  and  the 
50  cc.  returned  to  the  flask ;  50*3  grms.  of  the  hot  strained  liquid 
are  then  weighed  out  and  evaporated  to  dryness.  Wigner  boils 
with  a  vertical  condenser  for  an  hour,  and  finds  that  1  per  cent, 
strength  yields  the  most  constant  results.  Perhaps,  on  the 
whole,  the  best  process  is  the  following  : — Place  one  part  of  tea  in 
100  of  water,  boil  for  one  hour  with  a  vertical  condenser,  and 
then  take  an  aliquot  part  of  the  filtered  liquid  for  evaporation. 
In  every  case  the  time  occupied  in  boiling,  and  the  strength, 
should  be  mentioned  in  reporting,  for  two  analysts  operating  by 
different  methods  may  differ  as  much  as  6  or  8  per  cent. — the 
soluble  matter  not  being  entirely  removed  for  a  very  long  time. 
Since  the  substances  that  are  at  once  dissolved  are  really  those 
upon  which  its  commercial  value  depends,  it  is  a  question  whether 
it  would  not  be  better  simply  to  pour  boiling  water  on  the  leaves, 
let  the  infusion  stand  for  one  hour,  and  then  estimate  the 
extract,  calling  it  extract  of  infudon. 
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ddition  of  eihauated  leaves  lowe 

rs  tliG  nercentaoe  o£    1 

Tlie  following  are  some 

dcterniinntionB  of  cxtnct : —        J 

P««o(. 

AiuJ;»db; 

Java  toOn  driod. 

35-2 

PeligoL 

„       not  dried, 

337 

Pekoe,  ordinaiT,  dry, 

415 

lUKlrieJ, 

38-0 

519 

undried. 

48  5 

dry,      . 

4e-9 

imdried. 

50-2 

Moyono  Gunpowder, 

407 
39-3 
38  a 
37 '9 
33-3 

Wigner. 

Imperial,  dcy.  . 

43-1 

P<^ 

„        not  driod. 

30 -fi 

diT.  ■     . 

47-fl 

„       not  driad. 

44-0 

;; 

47T 

^'  ^'driad.      ■ 

43  8 

'r-STi^  : 

43'S 
39-8 

;; 

Congou,  .        . 

36-8 

„        dried. 

40-9 

MoyoDe  Yomig  Hyion, 
Tea  direct  fntta  CtaioB,  < 


iDdum  SauchoDg,     . 
Scented  Onmgo  Fckuc. 
Mannna,  line, 
Hinukiafan  Too, 


4S-0 
33-0 

29-8 
29-8 
26-2 


32-4 
30-0 
46-4 
41-7 


44-8 
417 
40-2 
41-2 


P«%)t 


Pelif^L 
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Since  the  extract  of  genuine  tea  appears  to  vary  from  26  per 
cent,  up  to  more  than  40  per  cent.,  it  is  unfortunately  of  no 
very  great  value  for  purposes  of  estimation.  The  extract,  after 
being  weighed,  is  burnt  up  to  an  ash,  which  will  always  be  found 
to  be  heavy,  rich  in  alkaline  salts,  and  varying  usually  from  4  to 
7  per  cent. 

§  45.  The  Ash, — The  percentage  of  total  ash  is  taken  by  burn- 
ing up  1  to  5  grms.  of  the  tea  in  a  platinum  dish.  The  leaves 
r^hdily  ignite,  and  the  operation  may  take  place  at  a  very  low 
temperature,  so  that  there  is,  with  care,  very  little  volatilisation 
of  chlorides.  The  comparative  composition  of  the  ash  of  fresh 
and  of  exhausted  t-ea  leaves  is  shown  in  the  following  table  : — 


ZOI.T,KR. 

HoDOza. 

ZOLLER, 

WlGKSR.                ' 

Ash  of 

flneyoimg 

Himalaya 

Tea. 

Tea  from 

Cachar 

Ondigen- 

ons). 

Tea  from 
Caohar 
(hybrid). 

Ezhanst- 
edTea 
LeaTes. 

t 

Ash  of  a  j  Ash  of  a 
namber  of  number  of 

Mixed        Mixed 
Black  Teas  GreenTeas 

Potash,      . 
Soda, 

Magnesia,  . 
Lime, 

Oxide  of  Iron,    . 
Manganons  Oxide 
Phon)horic  Acid, 
Snlpnuric  Acid, 
Chlorine,   . 
Silica  and  Sand, 
Charcoal,  . 
Carbonic  Acid,  . 

Percentage    of  ) 
total  ASh  sol-  [ 
nble  in  water,  ) 

39-22 
0-65 
6-47 
4-24 
4-38 
1-03 

14-55 
trace. 
0-81 
4-35 

24*30 

35-200 
4-328 
4-396 
8-986 
2-493 
1024 

18-030 
5-040 
3-513 
0-500 
2-900 

13-590 

37  010 
14-435 
5-910 
5-533 
2-463 
0-800 
9  180 
6-322 
2-620 
1-300 
1-830 
12-600 

7-34 

0-59 

11-45 

10-76 

9-63 

1-97 

25-41 

trace. 

trace. 

7-57 

25*28 

30-92 
1-88 

•  •  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

4-88 

•  •  • 

1-70 
li'*60 

t 
28-42 
2  08 

•  •  • 

•  •  • 

...    i 

5-66   ; 

•  •  • 

7-50 

•  «  • 

6-43 

100  00 

•  •  • 

1 

100  00 

•  •  • 

100-00 

■  •  • 

1 

100-00 

•  •  • 

57  00 

52-85 

The  ash,  on  being  cooled  and  weighed,  is  next  boiled  np  with 
a  little  water,  the  soluble  portion  filtered  from  the  insoluble,  and 
washed  in  the  ordinary  way.  The  filtrate  is  evaporated  to  dryness, 
very  gently  ignited,  and  returned  in  percentage  as  soluble  ash. 
The  insoluble  portion  is  next  treated  with  acid,  and  the  remaining 
fiand  dried,  ignited,  and  weighed.  The  alkalinity  of  the  soluble 
portion  should  also  be  taken,  and  may  be  returned  as  potash.  This 
simple  examination  of  the  ash,  consuming  very  little  time,  gives 
tokrably  well  all  the  information  afforded  by  a  complete  and 
ire  analysis.    The  following  table  shows  a  few  percentages 
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of  ash,  and  may  be  eomparcd  with  tlie  purcentagcs  of  beech, 
bramble,  &a. : — 


1^ 

ill 
3'i 

1 

1 

AnUiorllj. 

AveragB  of  17  ordinary' 
Teas   frum    oiiguuil 

chest,    cduusCing  '>E 
2  IndiMj.  12  Contfoua, 

570 

3-07 

2-26 

0-43 

1-3B 

G.  W.  Wiener. 

MBiiiuimi, 

fi-03 

aits 

3-87 

0-78 

\W 

Minimum, 

5'53 

375 

i-»a 

0-16 

1'17 

Avnge  of  25  Bpecial) 
Teaa,           .         .        / 

B-95 

3-33 

2-09 

O-fiS 

1-38 

,. 

7-03 

3-83 

2-88 

1-C7 

1-D6 

M™C'    ;    '. 

5-17 

2«4 

0-04 

i-w 

Genuine  Indian  Tfii.   . 

5-Bl 

2-90 

A.Wynt«rBIyth. 

Comnian  Tea,       . 

6-92 

355 

Waoklya. 

PiiragTiBy  Tea,      . 

6-28 

4-Z2 

Average  of  7  'reat, 

575 

A.  S.  Wi]«.n. 

UT«a.t,        . 

5-60 

3W 

..'. 

A.  H.  Allen. 

5-30 

3-50 

Ambro^l  blacC^"'  '. 

0-60 

3-80 

S-60 

3'40 

z 

Genoina  Wk.,  %,.  CO.  ll<. 

G-fiO 
570 
B-02 
((■34 
6-10 
576 

3W 
3-28 
3-26 
3'20 

3-»l 
3-OC 

::: 

::: 

l 

"              :fd.'ib.. 

5-50 

355 

Brukan  leaf  with  sUlke, 

5-40 

2'80 

Caper  (4-8  siUca), 

U40 

l-OO 

Ui«N],dr7  eihaiuted) 

IcovBB  from  vftrionsV 

4 '30 

0-52 

... 

.. 

OuffM  iiiaiQi 

' 

10-32 

3-77 

Beech.  . 

4-.5a 

300 

Waaklyl 

Brauilile, 

4-B3 

1-W 

« 

7-84 

173 

Hawthoni, 

806 

379 

Willow, 

9-34 

416 

Plum,   . 

9-90 

G'66 

", 

Elder,  . 

lO-W 

319 

13-50 

... 

All  the  analyees  hitherto  published  shov  that  the  percentage 
of  ash  in  genuine  toa  never  reaches  8  per  cent.  An  tub  beyond 
8  per  cent,  calculated  on  the  dried  tea,  is  certainly  adulterated. 
In  the  Bame  manner,  all  genuine  tea  possesses  soluble  aah  not 


§  46,  47.] 


TEA. 


105 


less  than  3  per  cent.     For  examples  of  obviously  impure  ashes,. 
Mr.  Wigner's  paper  may  be  quoted  from  again  : — 


Total  Ash. 

Ash 
Soluble  in 

Soluble  in 
Acid. 

Silica. 

Alkali, 
calculated 

Extract 

Water. 

aa  Potash. 

OanxKywder,  .    . 

19-73 

100 

615 

12-58 

0  14 

37-78 

Caper,  .... 

14-44 

1-95 

2-47 

10-02 

1-03 

35-45 

J »      .    .    •    . 

16-20 

1-69 

5-35 

816 

0-61 

31-60 

»»       .    •    .    . 

1508 

1-96 

6-65 

7-47 

0-73 

35-60 

>>       *    *     •    * 

12-74 

2-68 

5-44 

6-62 

104 

... 

»»       .... 

1 

14-60 

2-67 

5-67 

6  06 

104 

..  • 

All  these  teas,  although  imported  in  this  state,  are  evidently 
mixed  with  sand  to  a  considerable  extent. 

§  46.  Determination  of  Gum. — If  it  is  necessary  to  determine 
the  gum  in  tea,  as  sometimes  happens,  the  aqueous  decoction 
should  be  evaporated  nearly  to  an  extract,  and  the  residue 
treated  with  methylated  spirit,  filtered,  and  washed  with  the 
spirit.  The  gum  is  dissolved  off  the  filter  by  the  aid  of  hot 
water,  and  the  solution  evaporated  to  dryness,  and  weighed ;  it 
is  then  ignited  to  an  ash,  and  the  mineral  deducted  from  the 
total  weight. 

§  47.  General  Review  of  tlic  Adulterations  of  Tea, — The  most 
frequent  are  certainly  the  addition  of  sand,  generally  strongly 
impregnated  with  iron,  the  addition  of  foreign  and  exhausted 
leaves,  and  the  addition  of  astringent  principles,  such  as  catechu, 
&c  All  these  adulterations  must  take  place  abroad,  there  being 
no  evidence  that  a  single  hundredweight  of  tea  has  been  tampered 
with  in  England, — ^the  blame  may  lie  with  the  home-traders, 
but  proof  is  wanting.  On  the  other  hand,  it  not  unfrequently 
happens  that  cargoes  of  tea  recovered  from  sunk  vessels,  or 
teas  damaged  in  some  other  way,  are  sold  and  blended  by  whole- 
sale manufacturers  with  those  that  are  genuine.  Such  samples 
contain  usually  an  excess  of  salt,  and  show  more  or  less  evidence 
of  the  addition  of  exhausted  leaves. 

The  facing  of  tea  is  rapidly  decreasing.  There  has  been  much* 
dispute  as  to  whether  this  is  to  be  considered  an  adulteration 
or  not ;  a  thin  film  of  graphite,  or  any  other  harmless  substance, 
in  such  quantity  as  to  add  no  appreciable  weight,  can  hardly  be 
called  adulteration.  Each  case,  however,  must  be  judged  of  by 
its  merits.  A  small  addition  of  such  a  substance  as  catechu,  to 
impart  astiingency,  is  probably  frequent,  and  difficult  of  detection. 
Any  amount  present,  to  the  extent  of  3  per  cent,  or  over,  is 
shown  by  precipitating  an  infusion  of  the  tea  with  a  slight  excess 
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of  neutral  lead  acetate,  tilteriiig,  and  adding  a  little  dUnte  ferric 
chloride  solution.  If  catechu  be  present  there  is  a  bright-green 
colour,  and  ultimately  a  precipitate  of  a  greyiflh-ffreen  colour. 
The  same  infusion  filtered  fnmi  the  lead  precipitate  gives  a 
copious  precipitate  with  argentic  nitrata  Mr.  Allen  has  pointed 
out  the  advantage  of  his  lead  process  in  caaea  of  adulteration 
with  catechu,  and  it  is  self-eviaent ;  for  catechuic  adds  possess 
a  precipitating  power  so  widely  different  firom  that  of  tannin, 
that,  if  reckoned  as  tannin,  there  are  always  anomalous  results, 
indicating  a  much  hi^er  astringency  than  could  possibly  exist, 
— e.g,y  a  sample  of  brown  catediu  examined  in  this  way,  and 
reckoned  as  tannin,  gives  the  paradoxical  number  of  11  per  cent. 
Soluble  iron  salts,  alkaline  carbonates,  and  other  substances,  are 
stated  to  be  occasionally  added,  but  no  conviction  relative  to  these 
appears  to  be  on  record.  The  soluble  icon  salts  may,  of  course, 
be  dissolved  from  the  tea  leaves  by  a  little  eold  dilute  acetic  add, 
and  the  liquid  tested  in  the  usual  way ;  there  is  then  no  confusion 
between  the  iron  naturally  present  and  that  added. 
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IL— COFFEE. 


§  48.  Ck>ffee  is  the  produce  of  the  Caffea  arabica,  nat.  order 
Cinchonacea.  Before  use,  the  berries  are  roasted  to  a  chocolate 
brown,  and  then  ground  in  a  miU.  The  effect  of  the  roasting 
is  to  driTe  off  a  large  quantity  of  -water,  to  volatilise  a  small 
portion  of  caffeine  or  theine,  to  destroy  a  portion  of  the  sugar  by 
changing  it  into  caramel,*  and  to  swell  the  berry  by  the  extrica- 
tion of  gases,  consisting  principally  of  carbonic  acid. 

§  49.  Chemical  composition. — The  chemical  composition  of  coffee 
is  somewhat  complex;  its  main  properties  are  apparently  due 
to  four  distinctive  substances — (1.)  An  essential  oil,  but  little 
studied;  (2.)  Caffeo- tannic  acid;  (3.)  Caffein  or  theine ;  (4.)  A 
fatty  substance. 

Caffeine  is  described  at  p.  85. 

§  50.  Ccffeo4anrdc  Add,  C^^HgOy,  was  first  observed  by  Pfaff, 
in  the  seeds  and  leaves  of  the  coffee  plant;  it  also  occurs  in  the 
root  of  the  Chiococcu  racemosay  and  in  the  leaves  of  the  Ilex 
paragvayeTuns,  S.  Hil.  It  may  be  separated  from  coffee  by  frac- 
tional precipitation  of  the  infusion  with  acetate  of  lead.  The 
precipitate,  at  first  falling,  consists  of  citrate  with  caffeo-tannate 
of  lead;  but  later  on,  the  latter  occurs  alone,  and  can  be  washed 
with  water  and  decomposed  by  SHo  in  the  usual  way.  Caffeo- 
tannic  acid  thus  obtained  is  a  brittle,  yellowish  mass,  easily 
powdered,  and  of  feeble  acid  reaction.  It  is  scarcely  soluble  in 
ether,  but  dissolves  easily  in  water  or  in  alcohol.  The  solution 
gives  a  dark-green  colour  with  chloride  of  iron,  or  if  dissolved  in 

*  Graham  and  Stenhonse  found  the  following  differences  in  the  percentage 
of  sugar  between  the  raw  and  roasted  coffees : — 


Highest  amount, 
Lowest  amoont, 


Baw. 

Boosted. 

Per  cent 

Percent. 

7-78 

114 

6-70 

... 

Aveffl^  of  twelve  specimens  grown  in  )  q  .g,^  ^  .^^ 

different  places,      .        .        .      / 
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aqueous  solution  of  ammonia,  the  alkaline  earths,  or  the  alkalieSi 
a  reddish-yellow  or  yellow  colour.  If  caffeo-tannio  acid  be 
decomposed  with  3  parts  of  solid  potash,  the  end  product  is  pro- 
tocatechuic  acid.  If  it  be  boiled  with  5  parts  of  potash-lye  (1-25 
specific  gravity)  for  three  quarters  of  an  hour,  and  then  neutn^ 
lised  by  sulphuric  acid,  caffeic  add  (C^j^O^)  crystallises  out,  and 
can  be  obtained  in  straw-yellow  prisms  and  plates  by  recrystal- 
lisation  from  hot  water.  It  colours  chloride  of  iron  grass-green, 
is  oxidised  by  nitric  acid  into  oxalic  acid,  and  is  decomposed  by 
potash  into  protocatechuic  and  acetic  adds. 

§  51.  Coffee  FcU. — The  coffee  fat  can  be  obtained  from  an  alco- 
holic extract  of  coffee ;  part  separates  on  cooling  the  fluid  to  (fO., 
the  rest  on  dilution  witn  water.  It  is  white,  without  odour,  of  a 
buttery  consistence,  melting  at  37*5*^0.,  and  becomes  randd  on 
exposure  to  the  air.  According  to  Rochleder  {Wien  Ahad.  Ber,^ 
xxiv.  40),  it  contains  the  glyceride  of  palmitic  add  and  of  an 
acid  of  the  composition  O^j^^O.. 

The  following  are  some  analyses  by  O.  Levesie  of  various 
commercial  varieties  of  coffee  : — 


Finest  Jamaica  Plan-'^ 
tation,     .        .        .) 
Finest  Green  Mocha, 
Ceylon  Plantation,  . 
Washed  Itio,    . 
Costa  Rica, 
Malabar,  . 
East  Indian,     . 


25-3 

220 
23-8 
27-4 
20-6 
26-8 
24-4 


1-43 

0T4 
1-53 
114 
118 
0-88 
101 


Fat 


14-7(5 


21 
14 
15 
21 
18 
17 


79 

87 

m 

12 

■80 
00 


Tannic 
and 
Caffeo- 
tannio 
AcidB. 

Collnlose. 

227 

33-8 

231 

29-0 

20-9 

36-0 

20-9 

32-5 

21-1 

33-0 

20-7 

31*9 

19-5 

36-4 

Ash. 

Potash 

3-8 

1-87 

4-1 

213 

40 

•  •• 

4-6 

4-9 

4-3 

•  •  • 

•  •• 

•  •• 

Phos- 
phoric 
Acid. 


0-31 

0-42 
0*27 
0-51 
0-46 
OCO 


Some  analyses  of  Dragendorff  may  be  also  quoted  : — * 

*  We  give  also  a  very  elaborate  analysis  of  coffee  made  by  Payen,  at  a 
date  when  food  analysis  was  not  so  well  understood  as  now.  It  is  ])robably 
a  fair  approximation  as  regards  the  more  important  constituents,  but  the 
percentage  of  ash  can  hardly  be  correct. 

Caiulose 34-000 

Water  (Hygros.), 12*000 

Fat, 10  to  13-000 

Glucose,  Dextrine,  &c., 15*500 

Legiuninc, 10*000 

Caffcate  of  Potash  and  Caffeine,       .        .  3*5  to    5*000 

Nitrogenous  substance, 3*000 

Free  Caffeine, 0*800 

Concrete  Essential  Oil, 0*001 

Aromatic  Fluid  Essential  Oil, 0  002 

Aah, 6-697 
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Caffeine. 

Aah. 

Potash. 

Phosphoric 

Per  cent. 

Per  cent. 

Percent 

Add. 
Percent 

1.  Brown  Preanger,    . 

0-71 

4-80 

•  •  t 

0-42 

2.  Mocha,  yellow,  very  fine, 

0-64 

4  06 

213 

0-42 

3.  Menado,  yellow,     . 

4.  „        Dine, 

1-22 

4  03 

•  •  • 

0-39 

1-38 

411 

•  •• 

0-36 

5.  Alexandrian  Mocha, 

0-84 

4-19 

•  •  ■ 

0-44 

1-43 

3-83 

1-87 

0-31 

7.  Surinam,  let  q^ity  (Java),  . 

1-78 

4-39 

•  •  • 

0-56 

•8.  Preanger,       .... 

0-93 

4-36 

•  •  • 

0-35 

9.  Surinam,  2nd  quality  (Java), . 

104 

4-77 

«  •  • 

0-33 

10.  Ceylon  Plantagen,  . 

0-78 

4-02 

•  •  • 

0-31 

11.  Yellow  Java, 

0-88 

4-31 

•  •  • 

0-28 

12:  West  Indian  (Java), 

1-22 

4-21 

•  •» 

0-32 

13.  Mysore, 

1-23 

4-20 

212 

0-31 

14.  Malabar, 

0-88 

4-27 

•  •  • 

0-60 

15.  Java,      .... 

2-21 

401 

•  •  • 

0-41 

16.  CosU  Rica,     . 

1-18 

4-94 

•  «  • 

0-46 

17.  Ceylon  Plantagen,  . 

1-53 

4  00 

•  •  • 

0-27 

18.  Washed  Rio,  . 

1-14 

4-53 

•  •  • 

0-61 

19.  Native  CeyloD, 

1-14 

4-65 

•  •  • 

0-72 

20.       „         ,,       Ist  quality. 

0-87 

4-65 

•  •  • 

0-41 

21.        „         „       2nd     „ 

1-54 

4*80 

•  •  1 

0*44 

22.  African  Mocha, 

0-70 

4-70 

2-80 

0-38 

23.  Jamaica, 

0-67 

4-82 

2-83 

0*42 

24.  Native  Ceylon,  3rd  quality, 

1-59 

4-87 

2-60 

0-40 

25.  Santos, j     146 

4-81 

2-67 

0-48 

§  52,  Analysis  of  Coffee. — The  hygroscopic  moisture, 
tbeine,  gum,  astringent  principles,  and  ash,  are  all 
determined  precisely  as  in  the  case  of  tea. 

The  coffee  fat  may  be  conveniently  estimated  by 
putting  a  known  quantity  in  the  little  apparatus 
figured  (see  Fig.  11).  The  a  and  b  tubes  are  packed 
with  glass  wool ;  tne  one  is  connected  with  a  flask, 
the  odier  with  an  upright  Liebig's  condenser.  The 
Hask  contains  a  small  quantity  of  petroleum  ether, 
which  by  means  of  a  water-bath  is  distilled  through 
the  coffee,  condensing  perpetually,  and  falling  back 
into  the  flask.  When  the  process  is  flnished,  the 
petroleum  is  evaporated  to  dryness  in  a  fared  dish. 
As  thus  obtained,  the  fat  is  almost,  but  not  quite, 
pure. 

§  53.  Adulterations  of  Coffee  and  their  Detection. 

The    sophistications     usually    enumerated     are  • 
chicory,   roasted  wheat  and   beans,  rye  and  potato 


i\~._;rjii 


Fig  11, 
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flours,  mangel-wurzel,  acorns,  and  bnmt  sugar.  The  coffee  is 
usually  adulterated  when  in  powder,  but  patents  have  been 
taken  out  for  compressing  ground  coffee  with  chicoiy  into  the 
shape  of  berries. 

The  sophistication  of  coffee  was  at  one  time  a  regularly- 
organised  industry ;  and  there  existed,  ten  yearn  ago,  two  manu- 
£Eictories  in  France — one  at  Lyons  and  the  other  at  Havre— 
expressly  established  for  the  purpose  of  mixing  ooffee  with  burnt 
cereals  and  the  scorched  outer  covering  of  oocoa.  Without 
venturing  to  assert  that  coffee  is  at  the  present  time  adulterated 
in  England  with  chicory  alone,  it  is  certain  that  other  admix- 
tures are  of  the  greatest  rarity. 

A  preliminary  examination  will  in  a  few  minutes  detect,  so 
far  as  chicory  is  concerned,  whether  it  has  been  added,  or  not 
If  the  ground  coffee  be  sprinkled  on  water,  nearly  the  whole  of 
it  floats ;  if  chicory  be  present,  the  chicory  separates  and  sinks  to 
the  bottom,  imparting  a  brown  colour  to  ^e  liquid.  In  this  way» 
indeed,  a  tolerably  complete  separation  of  ooffee  and  chicory  may 
with  care  be  obtained.  The  portions  which  sink  to  the  bottom 
are,  of  course,  examined  microscopically.  They  are  always  soft 
to  the  touch,  very  diflerent  from  the  hard,  gritty  feeling  of  coffee 
particles ;  and  put  under  the  microscope,  the  difference  of  struc- 
ture is  at  once  apparent,  for  the  loose,  largo  cells  of  the  chicory 
root,  with  dotted  vessels  and  branching  laticiferous  ducts,  are 
readily  seen  and  appreciated.* 

When  chicory  is  mixed  with  coffco,  the  chemical  composition 
of  the  mixture  shows,  in  some  particulars,  a  marked  deviation 
from  that  of  pure  coffee. 

Letheby*8  analysis  of  chicory  is  as  follows  :  — 


Hygroscopic  Moisture, 

Gummy  Matter, 

Glucose  or  Grape  Sugar, 

Bitter  Extractive, 

Fatty  Matters, . 

Cellulose,  Inuline,  and  Woody  Matter, 

Ash, 


Composition  of  the  roasted  root : — 

Hygroscopic  Moisture, 

Gummy  Matter,  .        .        .        , 


Raw  root 

Kiln-dried 

77-0 

15-0 

7-5 

20-8 

11 

10-5 

4-0 

19-3 

0-6 

1-9 

9  0 

29-5 

0-8 

30 

(1) 

(2) 

M-5 

12-8 

{)o 

14-9 

*  Chicory  is  so  readily  detected  that  we  scarcely  rc(j[uirc  a  direct  chemi- 
cal test,  A.  Franz  has,  however,  pointed  out  that  an  infusion  of  coffee,  when 
treated  with  copper  acetate  and  tiltcred,  yields  a  ji^cnish-ycllow  filtrate ; 
an  infusion  of  coffee  containing  chicory  yields,  when  rimilarly  treated,  ;. 
dark  red-brown  filtrate Arch.  Pharm.  [5],  298-302. 
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Olnooae, 

Matter  like  Bomt  Sugar,   . 
Fatty  Matter,    .        .        .        . 
Brown  or  Burnt  Woody  Matter^ 
Aflh, 


12-2 
291 

2  0 
28-4 

4-3 


The  ash  of  these  had  the  following  composition  :- 


Chloride  of  Potassium, 

Sulphate  of       „ 

Phosphate  of    „ 

„  Magnesia, 

„  Lime,    . 

Carhonate  of    ,, 

Alumina  and  Oxide  of  Iron, 

Sand, ..... 


0-22 
0-97 
1-41 
0-90 
0*40 
0-10 
0-20 
0-70 


10-4 
24*4 

2-2 
28*5 

6-8 


0-45 
0-98 
1-37 
0-53 
0-81 
0-26 
0-20 
2-20 


Chicory  influences  the  composition  of  coffee  as  follows  : — 

(1.)  It  decreases  the  gum,  the  latter  seldom  rising  in  chicoiy  to 
more  than  15  per  cent.,  whilst  in  coffee  it  has  not  been  found  less 
than  21  up  to  28  per  cent. 

(2.)  It  increases  the  sugar,  roasted  coffee  having  seldom  so 
much  as  2  per  cent,  of  sugar;  whilst  chicory,  when  roasted,  usually 
has  at  least  8  or  9  per  cent. 

(3.)  It  decreases  the  fatty  matter,  the  fat  of  chicory  ranging 
fix>m  1  to  over  2  per  cent.,  that  of  coffee  from  about  14  per  cent. 
up  to  over  20  per  cent. 

(4.)  It  decreases  the  tannin  and  caffeo-tannic  acids,  chicory 
being  destitute  of  tannin. 

(5.)  It  decreases  the  caffeine,  chicory  possessing  no  alkaloid. 

(6.)  It  profoundly  modifies  the  constitution  of  the  ash, 
especially  by  introducing  silica,  which  is  not  a  component  of 
coffee  a^.     The  main  differences  are  thus,  as  follows  : — 


Coffee  Ash. 
Per  cent 


Silica  and  Sand,  . 
Carbonic  Acid,    . 
Sesquioxide  of  Iron, 
Chlorine, 
Phosphoric  Acid, 
Total  Soluble  Ash, 


14*92 
0-44  to    0-98 
0-26  to    111 
10       to  11 
75       to  85 


Chicory  Ash. 
Percent 

10-69  to  36-88 
1-78  to  319 
313  to  5-32 
3-28  to  4-93 
5      to    6 

21       to  35 


Mr.  Allen  has  proposed  to  calculate  the  percentage  of  chicory 
in  a  mixture  from  the  soluble  ash  data  by  the  following  formula : — 


C  = 


(1005-1 -74)2; 


1-74  is  assumed  as  the  avci-age  soluble  ash  of  chicory,  3  per  cent. 
as  that  of  coffee.     This  is  of  course  only  proposed  as  a  rough 
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guide,  anJj  like  all  cftlculationa  of  the  kiaO,  must  not  be  rashly 

By  making  standard  infusions  of  pure  coffee  and  cliicory,  and 
then  taking  the  same  weight  of  the  suspected  cofiee,  and  com- 
paring t])e  colour,  it  is  possible  to  obtain  a  very  accurate  idea 
of  the  quantity  of  chicory  added. 

Leobody  recommends  this  to  bo  done  as  follows  : — Take  1  grm. 
of  the  unknown  mixture,  and  1  grm.  of  a  standard  mixture  of 
equal  |Kii-ta  of  chicory  and  coifee ;  remove  all  the  colouring-matter 
from  each  sample,  and  make  the  extract  of  each  up  to  the  same 
bulk.  Put  50  cc  of  the  filtered  extract  from  the  vfJcTioum 
mixture  in  a  Notuder  cylinder,  and  determine  by  tiial  how  mauy 
ce.  of  tlio  extract  from  the  atandturd  mixture,  together  with 
sufficient  distilled  water  to  make  up  the  SO  cc,  will  give  the 
same  colour.  In  catculatiug  the  percentage  of  chicory  present, 
closely  accurate  results  are  obtained  in  practice  by  assuming  the 
tinctorial  power  of  chicory  to  be  threti  timos  that  of  coffee. — 
(J.  R.  Leebodt,  Chemical  Nrnag,  xxx.  243.) 

Messrs.  GiTdmni,  Rtcnhuusf,  and  C'ampl.iell  y.vnposed  to  take 
the  density  of  difl'erent  infusions  of  coffee,  &c.,  as  a  guide  to  its 
adulteration;  and  this  is  found  in  practice  to  work  tolerably  well, 
and  to  give  approximative  results.  The  following  solutions  were 
made  by  them  by  first  treating  the  powder  of  the  roasted 
substance  with  ten  times  its  weight  of  cold  water,  boiling,  and 
filtering,  and  determining  the  density  at  60°  F.: — 

Spent  T«n, 1002-14 

Lupine  Seed, 100G'70 

AcoruB, 1007-30 

tea, 1007-30 

Mocha  Coffee, lOOSOO 

BeuM. 1008-40 

NsUghsny  Coffee lOOS-M 

Plantation  Ceylon  Coffee 1008'70 

Java  Coffee, 100870 

Jamaica  Coffee, 1008-70 

CobU  Rica  Coffee, 1009-00 

1009-06 

Native  Ceylon  Coffee, 1009-00 

Brown  Malt, 1010-90 

PannipE. 1014-30 

Carrots, 1017-10 

Bouka, 1018-60 

Yoricshiie  Cliicory 1019-10 

Black  Malt 1021-20 

Tnrmpe, 10214) 

Rya-mori, 102J-60 

Englith  Chicory, 1021-70 

■"—•"""n  Root, 1021-90 

1022-10 


§63.] 


COFFEE. 


113 


Foreign  Chicory, 
Gnenuaey  Chicory, 
Mangel-WTiTze], 
Maize,    . 
Biead-RaspiDgs,     . 


1022-60 
1023-20 
1023-50 
1025-30 
1026-30 


Allen  {Chemical  News,  March  27,  1874)  gives  as  the  result  of 
his  estimations  of  the  density  of  pure  coffee  1008-7,  and  proposes 
the  following  formula,  by  which,  when  prepared  as  above,  the 
proportion  of  chicory  to  coffee  may  be  calculated.     C  represents 
the  percentage  of  coffee,  D  the  density  of  the  solution  : — 

^     (1020-6  -  D)100 
C=   ^^ 

In  regard  to  other  adulterations,  a  great  variety  of  starch- 
holding  substances,  with  the  cereals,  may  be  entirely  excluded, 
us  certainly  not  present,  if  no  dirty-blue  or  violet  coloration  is 
produced  by  iodme  in  an  infusion  of  coffee.  In  order  to  apply 
this  test  properly,  the  infusion  should  be  decolorised,  which  is 
most  rapidly  done  by  a  solution  of  permanganate  of  potash. 
Coffee  itself,  as  before  stated,  contains  no  starch. 

Burnt  sugar,  or  caramel,  is  usually  detected  by  observing  the 
rapid  darkening  of  water  on  which  a  little  coffee  is  sprinkled,  and 
the  particles  (on  examination  in  water  by  the  microscope)  reveal 
themselves  by  the  absence  of  organised  structure,  and  the  coloured 
ring,  arising  from  partial  solution,  round  each. 
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IIL-COCOA  Ain>  CHOCOLATE. 

§  54.  The  cocoa  of  coiumerce  is  made  from  tLe  roasted  seeds  * 
of  the  Thtobroma  caeao,  a.  tree  belongmg  to  the  natiinit  order 
Bytlneriaeea,  whole  forests  of  which  exut  in  Demerara.  It  is 
also  more  or.leaa  extensively  gi-own  in  Ceatral  America,  Brazil, 
Peni,  Caraocas,  Vunezuelii,  Ecuador,  Grenada,  Easeqiiibo,  Guaya- 
quil, Surinam,  and  some  of  the  West  Indian  Islanda ;  and  its 
cultivation  has  bIro  b(M?n  .ittem|>tod  (iu  most  cases  successfully) 
in  the  East  Indies,  Australia,  the  Pliilippinclslandu,  the  Mauritius, 
Madagascar,  and  Bourbon. 

The  principal  kinds  of  cocoa  in  commerce  are  known  umler 
the  names  of  Caraeeoa,  Surinam,  Ti-inidad,  Grenada,  Jamatcn, 
Dominica,  Guayaquil,  Venezuela,  Babia,  Brazil,  and  St.  Lucia. 
The  Heeds  are  officinal  in  the  French  and  Norwegian  pharma- 
copeias. They  are  ovate,  flattened,  2  to  2J  cm.  [7  to  -9  inch]  long, 
and  I  to  I^  cm.  [-39  to  '58  inch]  broad,  and  covered  with  a  tbin 
red  or  grey-brown  friable  shell.  The  taste  of  the  &esh  seed  is 
oily,  bitter,  and  rather  unpleasant. 

The  seeds,  on  being  submitted  to  a  kind  of  fermentation  (tecb- 
nioally  called  the  moealing  process),  lose  in  a  great  measure  this 
disagreeable  flavour,  and  develop  an  aromatic  smell.  Seeds  which 
have  been  subjected  to  this  treatment  are  best  suited  for  the 
manufacture  of  chocolate,  while  those  which  have  been  simply 
roasted  are  richer  in  cocoa-butter. 

\  55.  Mia-oaeopieal  Slmeture  of  t!it  Seed. — Tbo  seed,  when 
deprived  of  the  busk,  consists  for  the  most  part  of  several 
irregularly-shaped  angular  divisions,  filled  with  a  large  number 
of  oval  <^ls,  within  which  is  contained  a  peculiar  starch,  oa 
well  as  a  fatty  matter.  Kear  the  surface  these  cells  are 
angular,  and  of  a  pronounced  red  colour,  but  the  tint  is  some- 
what variable. 

The  starch-granules  are  perfectly  round,  normal  measurement 
about  0-52  mm.  [-00021  inch],  and  are  often  seen  to  have  a  some- 
what obscure  starred  hilum.  They  strike  a  pronounced  blue 
colour  with  iodine. 

'The  MecU  simply  dried  are  also  sold. 
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Tbe  hnsk  coniains  from  without  inwards  the  following  struc- 
tures : — 

(1.)  A  superficial  layer  of  large,  very  characteristic  tubular 
fibres,  containing  granular  matter  and  little  corpuscles. 

(2.)  A  single  layer  of  elongated  cells,  with  their  greatest 
diameter  transversely  to  the  axis. 

(3.)  Large  angular  cells  in  several  layers ;  those  in  the  centre 
mucilaginous,  constituting  the  greatest  bulk  of  the  envelope. 

(4.)  A  very  delicate  membrane,  formed  of  small  cells,  enclos- 
ing £Ektty  matters.  This  membrane  adheres  to  the  almond, 
and  portions  of  it  may  always  be  seen  in  the  chocolates  of 
commerce. 

Another  hyaline  and  fibrous  structure  connected  with  the  last, 
and  full  of  crystals,  is  usually  described,  as  well  as  isolated,  dark, 
elongated  bodies.  The  whole  structure,  therefore,  is  complex  in 
a  high  degree, but  familiarity  with  the  appearance  presented  by  the 
different  portions  of  the  seeds  is  readily  obtained. 

§  56.  The  commercial  va/rieties  of  Cocoa  are  very  numerous : — 
Cocoa  nibs  are  simply  the  bruised  roasted  seeds  deprived  of  their 
coverings ;  and  flake  cocoa  is  composed  of  the  nibs  ground  in  a 
particular  form  of  mill.  The  soluble  cocoas  are — ground  cocoa, 
diluted  with  sugar  and  starches,  e.g, : — 

Epps^  cocoa,  according  to  an  analysis  advanced  as  evidence 
in  the  case  of  Gibson  v.  Leafer,  is  composed  of  cocoa  40  per  cent., 
sugar  44  per  cent.,  and  starch  16  per  cent. 

GranuUUed  cocoa,  is  mostly  a  mixture  of  nibs,  arrow-root,  and 
sugar ;  Homceopathic  cocoa,  a  preparation  of  the  same  kind  with- 
out the  sugar ;  MaravUkt  cocoa,  contains  sugar  and  much  sago 
flour;  and  Cocoa  essence,  cocoatine,  &c.,  consist  of  pure  cocoa 
deprived  of  60  to  70  per  cent,  of  its  fat. 

The  above  are  examples  only.  The  analyst  is  liable  to  meet 
any  day  with  some  new  patent  cocoa,  for  the  consumption  of 
this  food  is  greatly  on  the  increase.* 

§  57.  Chocolaie, — In  the  manufacture  of  chocolate  the  cocoa- 
nibs  are  ground  in  a  mill,  the  rollers  of  which  are  usually  heated 
by  steam,  so  as  to  soften  the  cocoa-butter ;  and  in  tliis  way  a  paste 
is  formed  which  is  mixed  with  refined  sugar,  and  very  often  other 
substances,  and  pressed  into  moulds.  Some  of  the  receipts  for 
chocolate  are  as  follows : — 

(1.)  French  Chocolate, — 2  beans  of  Vanilla  rubbed  into  a  powder 
with  sugar,  and  1  lb.  of  best  sugar  to  every  3  lbs.  of  cocoa 
niba. 

*  That  the  consumption  of  cocoa  is  increasing,  is  evidenced  by  the  quantity 
imported— in  roond  nnmbera,  10,000,000  lbs.  m  1876,  against  9,000,000  lbs. 
in  1875. 
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(3.)  SptmUh  Choeolate.^ia.)  Curw^a  cocoa  11,  sugar  3,  Vamlla 
^\,  cinnamon  ,lj,  clovoa  ^h--  {*•)  Camcciis  cocoa  10,  oweet 
aJiDond!)  1,  sugar  3,  VaniUa  -^-j. 

ranilla  Choeolale. — A  ohocolat*  paste  highly  flavoured  with 
Vanilla,  and  generally  with  othoi-  spices  bb  well,  (a.)  Cnraecaa 
cocoa  7,  McKican  Ynnilla  ^,  cinnamon  ^  and  sufficient  cloves 
to  flavour.  (6.)  Best  chocolate  pasto  21,  vanilla  4,  cinnamon  J, 
clovfia  and  musk  in  small  qnantities.  ] 

The  chocxilfttes  of  Eaghsh  oonmeMe  yield  bvt  Bttie  ooea»- 
batter,  since  tk«y  ua  mosily  prafnMd  from  &e  oafe  left  aftv 
expreaaion  of  the  oU. 

§  58.  The  average  chemical  oonipontion  of  coeoa,  aoeogfiny  to 
Mr.  Wankljn,  ia  aa  foUowi : — 

CoooaBirttar, 80-00 


1 


,           ,_ 10-W 

AlbiiiiHa,Khti&,siidG]iita^.               .  U-Ot 

Qsm, 8-flO 

ColoariDK  Matter, 2-60 

Water, 6fl0 


100-00 
The  peculiar  constituents  of  cocoa  are    then  two,  viz. — cocoa- 
butter  and  tlieobromin. 

Coeoa-buiier,  Oleum  &eobrotnas,  specific  gravity,  0'96  to  0*98;* 
melting  point,  29°  to  30°C. ;  solidifying  point,  24°C.,  is  a  yellowiah- 
white,  concrete  oil  about  the  consistency  of  tallow,  witii  a  choco- 
late colour,  and  an  agreeable  taste.  At  common  temperatnres 
it  is  brittle,  the  fracture  is  smooth  and  equal,  and  examined  by 
a  lens  it  is  somewhat  crystalline.  It  is  fully  soluble  at  ordinary 
temperatures  in  two  parts  of  ether,  in  half  a  part  of  benxole,  as 
well  as  in  100  parts  of  cold  and  20  parts  of  hot  absolute  alcohol ; 
its  solution  is  entirely  neutral  to  test  paper.  If  adulterated  with 
tallow,  wax,  paraffin,  or  stearin,  the  specific  gravity  will  be 
altered,  and  it  will  not  dissolve  to  a  clear  solution  in  the  quan- 
tity of  ether  named  above.  Pare  cocoa  butter  doea  not  become 
rancid,  however  long  it  is  kept;  but  the  admixture  of  most 
foreign  fats  impairs  this  property.  Cocoa  butter  is  usnally  said 
to  consist  of  coca&  stearin,  whicli  separates  in  warty  masses  on 
evaporating  an  ethereal  solution,  and  has  a  melting  point  of 
66°C.  with  a  little  olein.  Kingzett  has,  however,  recently 
described   two   new  fatty  acids  obtained  from  cocoa  fat,  one  of 

*  Its  specific  gravity  was  formerly  pvea  ai  from  -89  to  —01 ;  but 
Tlaokiger,  m  well  u  Hiiach,  hai  ihown  tiiat  tbi«  is  too  low. 
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Trhich  has  the  empiric  formula  Cg4B[i28^2,  and  the  subject  ap- 
pears to  require  further  research.  The  best  method  of  extracting 
the  £^t  is  to  exhaust  the  nibs  with  ether  in  the  apparatus 
figured  at  p.  109  (Fig  11). 

Cocoa  should  contain  at  least  20  per  cent,  of  cocoa  &t ;  if  less 
than  that  is  found,  it  should  be  returned  as  adulterated.* 

§  59.  Theobromin,  CyHgN^Og. — This  alkaloid  was  discovered  in 
18il  by  Woskresensky,  in  the  seeds  of  the  Tkeobroma  cckoo  ;  it 
principally  resides  in  the  cotyledons,  and  in  smaller  quantities 
in  the  seed-coverings.  The  average  yield  of  theobromin  appears 
to  be  1  i  per  cent. 

The  original  method  of  separation  pursued  by  Woskresensky 
was — extraction  on  the  water-bath  with  distilled  water,  filtering 
through  linen,  precipitating  with  sugar  of  lead,  refiltering,  freeing 
the  filtrate  from  excess  of  lead  by  SHj,  evaporating  to  dryness, 
and  subsequent  purifying  of  the  residue  by  solution  in  spirit, 
and  treatment  with  animal  charcoal.  Mitscherlich,  again,  boils 
the  cocoa  with  a  weak  solution  of  sulphuric  acid  in  order  to 
change  the  starch  into  sugar,  saturates  the  fluid  with  carbonate 
of  l^ld,  and  ferments  it  with  yeast  to  destroy  the  sugar.  On 
the  conclusion  of  the  fermentation,  the  fluid  is  boUed,  neutralised 
with  soda,  filtered,  concentrated  by  evaporation,  and  the  impure 
bh>wn  theobromin  which  separates  boiled  in  hot  nitric  acid. 
This  nitric  acid  solution  is  precipitated  by  ammonia,  again 
dissolved  in  nitric  acid,  and  the  nitrate  obtained  by  evaporation. 
According  to  Mitscherlich,  the  quantity  obtained  in  this  way  is 
much  greater  than  by  other  processes. 

A  speedy  method  of  determining,  with  very  fisdr  exactitude, 
the  percentage  of  theobromin  in  cocoa,  is  to  exhaust  a  weighed 
quantity  with  petroleum  ether,  mix  the  residue  with  a  little 
burnt  magnesia  and  water,  evaporate  to  dryness  at  60°  to  70°C., 
and  then  exhaust  the  residue  with  boiling  aJcohol  of  80  per  cent., 
which  dissolves  out  the  theobromin.  On  driving  ofi*  the  alcohol 
by  evaporation,  the  substance  may  be  purified  sufficiently  for 
weighing  purposes  by  washing  with  petroleum  ether.  Theobromin 
forms  microscopic  rhombic  needles. 

It  is  generally  thought  to  sublime  between  296°  and  295^0. 
without  decomposition,  but  this  temperature  is  many  degrees  too 
high.  The  writer  finds  that  a  minute  fragment,  placed  in  the 
subliming  cell  elsewhere  described,  begins  to  give  fine  nebuln 
at  134**C.,  and  on  examining  the  mists  by  a  high  power,  they  are 
resolved  into  extremely  minute  dots;  distinct  crystals  are  ob- 
tained at  temperatures  of  170°0.  and  above.     Theobromin  is 

*  20  per  cent,  is  the  standard  of  the  Society  of  Analysts ;  hot  in  the 
wzifter's  opinion  this  is  much  too  low,  according  to  published  anii^«^. 
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insoluble  in  petroleum  ether,  and  not  very  soluble  in  ether, 
1  part  requiring  600  parts  of  boiling,  and  1,700  parts  of  cold, 
ether.  It  is  soluble  in  alcohol,  1  part  requiring  47  parts  of 
boiling,  and  1,460  of  cold,  alcohol.  Its  solubility  in  water  is 
stated  to  be  1  in  55  parts  at  100*^0.,  1  in  600  parts  at  20^  and  1 
in  1,600  at  0^  It  is  somewhat  soluble  in  chloroform  and  warm 
amyl  alcohol,  but  with  difficulty  soluble  in  benzole. 

Theobromin  forms  easily  crystallisable  salts.  The  simple 
neutral  salts  are  decomposed  by  water,  with  the  formation 
of  basic  salts,  and  lose  their  acid,  if  it  is  Tolatile,  at  lOO^C. 
A  hydrochloride  of  theobromin,  CJK^fipHCl;  a  nitrate, 
C^U^Nfi^^KO^;  a  platinum  salt,  C^RM^OpRClBtOh^  2H,0, 
are  sJl  very  definite  crystalline  compounds.  A  noteworthy  salt  is 
the  nitrate  of  silver,  which  is  formed  by  adding  a  solution  of 
argentic  nitrate  to  a  solution  of  nitrate  of  theobromin ;  in  a  short 
time  there  separate  silver-white  needles,  very  insoluble  in  water, 
of  the  composition  C^HgN^Oj,  NHO3 '''  -^S^^s- 

The  other  precipitants  of  theobromin  are — phosphomolybdic 
acid  (yeUow)  and  chloride  of  gold  (long  needles).  Tannic  and 
picric  acids  only  produce  turbidity,  while  potass,  mercuric  iodide 
and  potass,  cadmium  iodide  do  not  precipitate.  A  characteristic 
reaction  of  theobromin  is  that  produced  by  peroxide  of  lead 
and  sulphuric  acid.  If  peroxide  of  lead  and  diluted  sulphuric 
acid  are  heated  with  theobromin,  avoiding  an  excess  of  the 
oxidising  agent,  COg  is  developed,  and  the  colourless  filtrate  of 
sulphate  of  lead  gives  off  ammonia  with  potash,  separates  sulphur 
on  treatment  with  SHo,  stains  the  skin  purple-red,  and  colours 
magnesia  indigo-blue. 

Theobromin  is  poisonous  to  kittens  (and  other  animals  of  simi- 
lar size)  in  such  large  doses  as  a  gramme.  It  appears  to  be 
separated  by  the  kidneys,  and  could  probably  be  discovered  in 
the  urine  of  any  person  taking  large  quantities  of  cocoa.  The 
method  of  research  successfully  used  by  Mitscherlich  is  as 
follows : — The  urine  is  acidified  with  HCl,  filtered,  and  to  the 
filtrate,  acidified  with  nitric  acid,  a  solution  of  pliosphomolybdato 
of  soda  is  added.  The  precipitate  is  collected,  and  treated  with 
baryta  water  until  it  is  strongly  alkaline,  warmed,  filtered,  and 
the  filtrate  evaporated ;  the  residue  exti-acted  with  alcohol,  re- 
filtered,  and  the  filtrate  again  evaporated.  This  last  residue  is 
dissolved  in  a  drop  of  hydrochloric  acid,  and  precipitated  by 
ammonia.  The  alkaloid  may  now  be  collected  and,  if  necessary, 
purified. 

§  60.  The  Ash. — The  composition  of  the  ash  of  cocoa  seeds  is 
stated  by  Mr.  Wanklyn,  from  an  analysis  made  in  his  laboratory, 
to  be  as  follows : — 
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Composition  op  Asu  of  Cocoa-Seeds. 


Potash, 

Chloride  of  Sodium, 

Ferroiis  Oxide, 

Alumina, 

Lime,    . 

Magnesia, 

Phosphoric  Acid,  . 

Salphuric  Acid, 

Carbonic  Acid, 

Silica,  . 

Sand,    . 


Per  cent. 

2S)-81 
CIO 
1-60 
2-40 
7-72 
7-90 

24-28 
1-92 
098 
500 

1216 


The  percentages  of  ash  found  in  cocoa,  are  given  as  follows  : — 


Common  Trinidad, 

Very  tine  Trinidad, 

Fair,  good,  fine  Trinidad, 

Fine  Grenada, 

Caraccas, 

Bahia  (Brazil), 

Fine  Surinam  (small),    . 

Mexican, 

Dominican,   . 

African, 

Mean  of  the  twelve  being 


Percentago 
of  Ash. 

3-37 

3-62 

3-64 

3-OG 

4-58 

3-31 

3-06 

4-27 

2-82 

2-68 

3-39 


Thus  the  lowest  determination  is  3*06,  the  highest  4*58  per 
cent.  The  nibs  show  a  lower  ash  tlian  the  shell.  The  nibs  of 
the  Caraccas  give  3*95  per  cent,  of  ash,  2-00  being  soluble  and 
1*95  insoluble  in  water.  The  nibs  of  Mexican  seeds  give  2*59 
per  cent  of  ash,  '89  parts  being  soluble  and  1'70  insoluble  in 
water.  The  ash  of  the  shell  is  rich  in.  but  the  nib  almost  devoid 
of,  carbonates.  Mr.  Heisch  has  also  recently  examined  the  cocoas 
of  commerce,  with  the  results  embodied  in  the  following  tables : — 

Examination  of  Roasted  Beans  after  Removal  op 

THE  Husk. 


< 

Husk. 

Fat. 

Nitrogen. 

Albutni- 
noidfl. 

ABh. 

Caraccas,   . 

• 

13-8 

48-4 

1-76 

11  14 

3-95 

Trinidad,   . 

!     15-5 

494 

1-76 

1114 

2-80 

Sarinam,    . 

,     15-5 

54-4 

176 

11  14 

2-35 

Guayaquil, 
Orenada, 

11-5 

49-8 

2-06 

13  03 

2-50 

14-6 

456 

1-96 

12-40 

2-40 

96 

60-3 

117 

7-40 

2-60 

Cuba, 

120 

453 

1-37 

8-67 

2-90 

Para, 

8-5 

640 

2-00 

12-66 

305 

• 

120 
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Garaccas, 

Trinidad, 

Surinam, 

Guayaquil, 

Grenada, 

Babia, 

Cuba, 

Para, 


AbIl 

Ash 

HgPOi 

Bolublein 

■olable 

in 

Molstnre. 

Water. 

inHOL 

Aah. 

216 

1-80 

1-64 

4*32 

0-90 

1-90 

0-93 

3-84 

0-80 

1-86 

1-23 

376 

176 

1-76 

1-87 

414 

0-60 

1-80 

1-36 

3-90 

0-90 

1-70 

1-26 

4-40 

0-95 

1-96 

113 

372 

1-40 

1-66 

1-00 

3-96 

Stareh, 
Ghim,Cel- 


32*19 
32-82 
28-36 
30-47 
36-70 
36-30 
39-41 
26  3a 


The  above  analyses  fully  corroborate  Mr.  Wanklyn's  statemeni 
as  to  the  constancy  of  the  percentage  of  phosphoric  acid  in  cocoa 
ash.  Mr.  Heisch's  highest  determinate  is  1-87,  his  lowest  '93, 
giving  a  mean  of  1-28  per  cent,  phosphoric  add  in  the  dry  bean 
after  removal  of  the  husk, 

§  Gl.  Adtdteraticna  of  Cocock, — The  list  of  adulterations  usually 
given  is  as  follows  : — Sugar,  starches,  Venetian  red,  brick-dust, 
and  peroxide  of  iron.  Some  of  these  sophistications,  such  as  the 
starches,  may  be  detected  by  a  preliminary  microscopical  exami- 
nation, which  in  no  instance  should  be  neglected.  The  ordinary 
chemical  examination  consists  in  the  extraction  of  the  fat  as 
before  described  (p.  116),  the  estimation  of  the  percentage  of 
ash  in  the  ordinary  way,  its  division  into  soluble  and  insoluble, 
and  its  content  of  phosphoric  acid.  By  a  simple  estimation  of 
the  fat  and  the  chief  constituents  of  the  ash,  supplemented  by  the 
use  of  the  microscope,  all  known  adulterations  can  be  detected. 
The  amount  of  phosphoric  acid  in  the  ash  of  soluble  cocoas  may 
be  taken  as  a  basis  of  calculation  of  the  amount  of  cocoa,  and 
in  the  absence  of  foreign  seeds,  or  other  phosphate-producing 
substance,  the  calculation  will  be  a  fair  approximation  to  the 
truth.  The  ash  itself  and  the  amount  of  phosphoric  acid  will, 
of  course,  be  very  notably  diminished  in  the  case  of  the  soluble 
cocoas,  and  the  percentage  of  the  phosphoric  acid  will  in  such 
instances  be  a  fair  guide  to  the  amount  of  foreign  admixture. 
For  example,  suppose  a  soluble  cocoa  to  yield  an  ash  of  1*5  per 
cent.,  -6  of  which  is  due  to  phosphoric  acid ;  taking  as  a  basis 
of  calculation,  '9  per  cent.*  of  phosphoric  acid  in  cocoa  nibs: — 

•CxlOO     _^ 


*  The  lowest  percentage  given  by  Mr.  Hciscfa,  and  but  little  different 
from  Mr.  Wanklyn's. 
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That  is,  the  mixture  contains  about  66*6  per  cent,  of  cocoa. 
The  amount  of  starch  in  cocoa  may  be  determined  in  the  ordinary 
way,  as  described  at  p.  16,  but  the  process  is  somewhat  tedious, 
and  may  be  dispensed  with,  since  the  extract  in  cold  water  is 
always  a  guide  to  the  adulteration  of  stai'chy  substances.  Cocoa 
nibs  treated  in  this  way  give  to  water  about  6*76  per  cent,  of 
organic  matter  and  2*16  of  ash.  The  determination  of  theobro- 
min  may  possibly  be  of  use,  but  no  sufficiently  accurate  and 
speedy  process  for  technical  purposes  is  as  yet  known. 

§  62.  AdtUterationa  of  ChocolcUe. — Oil  of  almonds,  cocoa-oil,  beef 
and  mutton  fat,  starches,   cinnabar,  chalk,  and  various  other 
substances  are  usually  enumerated  ;  a  few  of  these  are,  however, 
apocryphal. 

The  analysis  of  chocolate  is  conducted  on  exactly  the  same 
principles  as  that  of  soluble  cocoa.  If  it  is  desired  to  separate 
the  different  constituents,  the  method  recommended  by  A.  Porrier 
may  be  used: — Extract  the  fat  with  ether,  and  the  sugar  with 
alcohol  of  20°,  and  dissolve  the  starch  out  by  boiling  water. 
The  liquid  holding  the  starch  is  then  decolorised  by  animal 
charcoal,  and  the  starch  precipitated  by  alcohol  of  50  per  cent., 
dried,  and  weighed.  But  as  regards  adulteration,  the  procedure 
recommended  in  the  case  of  cocoa  will  be  found  quite  efficient,. 
and  less  cumbersome  and  tedious. 


BIBLIOGRAPHY. 

Babbbt. — Proc6d6  pour  reconnaitre  la  quantity  de  fccule  contenne  dans  les 
chocolats.    Joum.  Chim.  M6d.,  4e  s^rie,  1857,  t.  iii.,  p.  121. 

BjOBKLAifD. — Moyen  de  reconnaitre  la  falsification  du  beurre  de  cacao,  &c. 
Joum.  Chim,  M€d.,  3  s^rie,  18C9,  t.  v.,  p.  147. 

BiBiois. — Essai  snr  la  recherche  et  le  dosage  de  la  fccule  dans  Ic  chocolat. 
Joum.  Chim.  MH.,  4e  serie,  1856,  t.  u.,  p.  497. 

Chxvalldbr. — M6moire  sur  le  chocolat,  sa  preparation,  ses  usages,  les  falsifi- 
cations qa'on  lui  fait  subir,  les  moyens  de  les  reconnaitre  {Ann.  d'Hytj. 
et  de  Mm.  Lig.,  2e  sSrie,  1846,  t.  xxxvj  ,  ji.  241) ;  ib..  Journal  d^IIyg., 
28,  1876. 

Coouct's  '* Dictionary  of  Practical  Receipts."    Arts.,  Chocolate  and  Cocoa. 

Glassok. — Ann.  Chem.  Pharm.,  Ix.  335. 

GiEABDiN  et  BiDABD.— Sur  la  fgcule  de  cacao.  Joum.  PJiarm.  et  CMm., 
2e  s^rie,  1852,  t.  xxxvij.,  p.  266. 

Ha8SALL*s  "  Detection  of  Adulterations.*' 

HsiscH. — On  the  Composition  of  Different  Kinds  of  Cocoa.  A  naJyst,  i.,  1877» 
p.  142. 

HiBSCH. — Die  Priifung  der  Arzneimittel. 

HusxMAiTK.— Die  Pfla^nstoffe. 

Kkllbb. — Ann.  Chem.  Pharm. ,  Ix.  335. 

KiNOZBTT,  C.  T. — The  Chemistry  of  Cocoa  Batter.  Joum,  Chem.  SoCy. 
1878,  p.  42. 


123 


'   PHACTICAL  CHEMISTBY. 


Letkllier. — F&ldficatioD  dea  chocolate     Joum.   de  Pharn.   H  Chini.,  3a 

tine.  1S54,  t.  xsv.,  ,..  3C2. 
MrmniKRLicu,  A. — Der  Cucao  und  die  Chocolodo.     ISoO, 
FoiiB[Efi.-^ur  le  dosage  des  mati^rea  amylacCea  ajoutvea  fraudnlensemeat 

an  chocoUt.    Joura.  Chim.  Mid.,  2o  ririe.  18S8,  t  ix„  p.  297. 
SoimEiKAH.— "Dietionnairadea  Falsifiestioiis." 
BnacK.Kii.—Am.  C/kth.  Pharm.^  cxviii.  1 


PART  Y. 
ALCOHOL  —  ALCOHOLIC  LIQUIDS. 


L— ALCOHOL. 

§  63.  The  term  alcohol,  in  its  strict  chemical  sense,  applies  only 
to  the  neutral  compounds  of  oxygen,  carbon,  and  hydrogen,  which 
by  the  action  of  acids  form  ethers.  The  principal  alcohols  are 
ennmerated  in  the  following  table  : — 

Table    exhibiting    the    Properties    of    the 

Principal  Alcohols. 


I 


3. 

4. 
5. 

6. 

7. 

8. 
10. 
16. 
27. 

3a 


Wood  Spirit,  or) 
Methylic  Alcohol,  f 

Spirit  of  Wine,  or\ 
EthyUc  Alcohol,  / 

Tritiylic    or  Pro-  \ 


pylic. 


r 


1  etryHc  or  Butylic, 
FouselOil,  or  Amy-  ( 

lie,        .        .        .j 
Hexylicor  Caproic, 
Heptylic, 

Odylic  or  Caprylic, 
Laurvlic, 

Ethal  or  Cetylic,  . 
Cerotin  or  Cerylic, 
Melinia    or   Mel-? 

lisylic, .        .        .> 


Formula. 


SpeciQo  Gnivity. 


CH^O 

cai«o 

CJfsO 
CHioO 


0798 

0-7938 

0-817 
0-8032 


CHwO  I  0-8184 

C«H„0 '  0-833 
CHioO    0-819 
C.Hi,0!  0-823    I 
CijHasO  1       ...       i 

CwH,40!      ... 
OztIimO  i       ...      t 

CjoH.,0 


1-12 

1-6133 

2-02 
2-589 
3-147 
3-53 


4-5 


Vapour. 

Hoi.  Wt. 

U=L 

Boiling  Point 

Fohr. 

Cent. 

16 

149-9 

65-5 

23 

173- 

78-3 

30 

200- 

96-7 

•37 

233- 

111-7 

44 

269*6 

1320 

51 
58 
65 

pa* 
•  •• 

299-309 

361- 

356- 

•  •  • 

•  •  • 

148-154 

176-7 

180-0 

•  •• 

•  •  • 

•  •  • 

... 

•  •  ■ 

•  •• 

•  ■  • 

•  ■  • 

Of  these  ethylic  alcohol,  wood  spirit,  and  foiisel  oil  are  the  three 
of  most  importance  to  the  analyst. 

§  64.  Ethylic  Alcohol,  C^HgO,  specific  gravity,  0-815  at  O^C, 
0-79381  at  60°C. ;  boiling  point,  78-3°C.  Absolute  alcohol  does 
not  dissolve  common  salt,  nor  does  it  give  a  blue  colour  when 
•digested  with  anhydrous  sulphate  of  copper,  if  perfectly  water- 
free.    There  is  no  cloudy  appearance  when  mixed  mt\i  'w^A.et, 
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denoting  tlic  nbacoce  of  oily  matters.  It  should  bo  also  perfectly 
ncuti'al  to  test  paper,  and  leave  no  residue  on  evaporation. 

§  G5.  Rectified  Spirit,  as  detiued  by  oui*  own  pharmacopeia, 
should  be  of  specific  gravity  0-838  ;  by  that  of  the  Ketherlands, 
0-830  to  0-834 ;  of  Gemany,  Switzerland,  and  Norway,  0-8336 ; 
of  Austria,  0'838;  of  France,  0-835  to  0-841-  It  should  be 
neutral,  colourless,  volatilising  wttfacnt  residue,  and  free  irom 
other  alcohols.  The  proportion  of  alcohol  in  pure  aqueous  solu- 
tion in  iisually  found  by  specific  gravity  tables.  The  table  on 
p.  123  answers  all  the  ordinary  purposes  of  the  itntilj-st. 

Another  method,  sometimes  called  GriJning's,  of  arriving  at 
the  strength  of  dilute  spirits,  is  based  on  the  fuct  that  the 
temperature  of  the  vapour  is  an  exact  measure  of  the  strength 
of  the  iiicohoL  The  bulb  of  a  thermometer  is  put  (on  the  small 
scale)  into  a  flaak  vrith  a  bilateral  tube,  and  the  t«ni]>enitnre  of 
the  vapour  cnrofully  noted.    The  following  table  may  be  used  ; — 

Table    siiowimi    the    Alcoholic    Costebt    by  Tou'me    op 
BoiLiNQ  Spirits  ahd  op  thbib  Yapovb.     From  the 

MOUETEB.     By  Groning. 


■w 

' 

'H? 

Cantsntor 

thsDlltUlMb 

Paroant. 

W- 

170-0 

93 

92 

189-8 

71 

20 

171-8 

92 

90 

192-0 

08 

18 

172-0 

91 

85 

194-0 

06 

IS 

17-2-8 

904 

30 

196-4 

61 

12 

174  <» 

90 

75 

198-S 

55 

10 

174-6 

89 

70 

201-0 

50 

7 

176-0 

87 

65 

203-0 

42 

5 

178-3 

85 

50 

205-4 

36 

3 

180-8 

82 

40 

2077 

28 

2 

183  0 

80 

35 

210-0 

13 

1 

185-0 

78 

30 

212-0 

0 

0 

187-4 

76 

53 

The  boUing-poiut  is  also  a  useful  guide ;  for  within  certain 
limits  the  boiling-point  of  alcoholic  liquids  is  not  materially 
altered  by  admixture  with  saline  and  organic  matter.  A.  ther- 
mometer with  a  movable  scale  ia  employed.  Before  using  it,  the 
thermometer  is  immersed  in  boiling  distilled  water,  and  the 
2I2°F.  of  the  scale  accurately  adjusted  to  the  level  of  the  mer- 
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Table  showiko  n 

OORBBSFOKDIMO  T 


I  Dknbities  akd  VAttTES  Or  Spirits  at  60*P., 
EVERv  Indicatios  op  Sykes"  Hydroueter. 


1^^/  si 


I  67-0 
/  66-1 
/  65-3 
/  ©4-5 


/  61 -» 
I   60-9    I 
/  GO-O    ' 

I  se-i 

57  ■:f 
5e-4 

h^s 
53-r 

52-7 
51-7 
50^7 
49-7 
4«-7 

4T-e 

46  ■« 
4S-6 

-44 -e 

43-5 


42" 


:»8-o 
36 -O 
3fi-7 
34-5 
33-4 
32-3 

31 -O 

29  ■» 

2S-5 

27-3 

20-0 
1  24-8 
I  23-5 
\22-2 

\  ^"S    1 

i  \  1^5  1 
a  \  M-2 
»  '  i2-» 


^^4- 

Per«i.l,ofAh,oloM 

S£ 

h 

G»Sty. 

ParMntofAlMoluie 

Bj 

^r"/. 

ttoo.' 

Br 

Of 

""" 

Weight. 

O.P. 

11-4 

Miiutm!. 

WBlghl. 

5570 

-S1B30 

90-23 

9278 

61 

■90551 

03-64 

•Sins 

W-78 

92-08 

62 

10-fl 

-90733 

6274 

54-89 

-8I8SU 

91-31 

9142 

53 

8-6 

-90913 

61-94 

54-09 

-83361 

93-84 

9078 

54 

7-1 

■9U07 

61-09 

53-23 

-8a2ni 

93-33 

90-07 

55 

5-fi 

■91299 

60-24 

53-38 

■83M1 

92-80 

89-36 

56 

42 

■91479 

69-43 

61-67 

-S2623 

92-29 

88-67 

57. 

27 

•91666 

38-5S 

50-73 

•82800 

91-77 

87-99 

68 

1-3 

-91833 

6778 

49-94 

-82978 

91-25 

87-30 

-831S1 

90-74 

86-63  - 

59 

6-3 

•92037 

56-86 

49-04 

-83323 

90-23 

85-96 

60 

1-9 

■92228 

55-96 

48-17 

■83*94 

89-T2 

86-30 

01 

34 

-9240S 

56-10 

47-33 

^t661 

89-21 

84-65 

62 

6-0 

■92597 

54-19 

40-46 

-83827 

88-70 

84-00 

6;i 

67 

-93798 

63-22 

46-63 

-831)93 

88-17 

83-33 

64 

8-3 

■92084 

.^2-30 

44-66 

-»4153 

87 -C7 

8270 

10-0 

■93176 

Bl-;!0 

4376 

-S4331 

87-10 

81-99 

60 

11-7 

■93367 

50-39 

42-84 

S4509 

86-51 

81-36 

67 

13-5 

■B3586 

49-;f4 

41-86 

-&4680 

85-95 

80-5S 

68 

15-3 

-9;i758 

48-31 

40-90 

848B1 

85-39 

79-89 

69 

17-1 

■93949 

47-29 

39-96 

SS022 

84-81 

79-19 

70 

13-9 

-91135 

46-29 

39-04 

»*^ 

84  19 

78-44 

71 

30-8 

■94327 

45-20 

38-04 

-»5372 

83-61 

7774 

72 

227 

-94618 

44 -og 

37-03 

^'^ 

83-W 

77-07 

73 

247 

■94709 

4S-96 

36-01 

ssroo 

82-47 

76-39 

74 

287 

■94890 

41-82 

34-98 

85878 

81-85 

75-66 

75 

■28-8 

■96092 

40-63 

33-92 

8G055 

81-21 

74-92 

70 

31-0 

■96388 

39-40 

32-82 

86229 

80B9 

74-19 

77 

33-2 

-95484 

38-10 

31-B8 

-86402 

79-07 

73-47 

78 

as-o 

■96677 

36-76 

30-50 

aesT* 

79-W 

7375 

79 

38-1 

-96877 

35-32 

,29-24 

86746 

78-71 

72-03 

80 

40-6 

■96068 

33-90' 

28-01 

-S6916 

78-08 

n-33 

81 

43-3 

■96259 

32-41 

2073 

-87099 

7r40 

70-M 

S2 

46-1 

■96457 

30-77 

25-33 

-87282 

7871 

6977 

S3 

49-1 

-96651 

29-08 

23-88 

-87460 

76-08 

ro-06 

84 

62-2 

-96S46 

27-31 

22-38 

-87627 

75-41 

68-32 

85 

55-5 

■97049 

26-39 

20-77 

-87S09 

74-73 

67-S5 

86 

59-0 

■97a-t4 

23-41 

19-11 

74-OS 

6679 

87 

62-5 

■n74.'iS 

21-3B 

17-42 

-88179 

73-29 

65-9S 

8S 

GO-O 

■97660 

19-41 

1578 

-883S5 

72-60 

66-23 

89 

09-4 

■97857 

17-46 

14-16 

-«8M4 

71-86 

64-43 

90 

72-8 

■98057 

16-61 

12-56 

-89716 

n-17 

63-1)8 

91 

76-1 

-98361 

13-68 

10-97 

-88901 

70-43 

62-80 

92 

79-2 

■98453 

u-ae 

9-66 

-89086 

69-69 

62-10 

93 

82-3 

•98667 

10-04 

8-08 

•89268 

68-98 

61 -J2 

94 

86-2 

•98866 

8-28 

6-65 

■89461 

68-21 

60-63 

95 

88-0 

-90047 

6-81} 

6-48 

-89629 

67^7 

5976 

96 

907 

-99261 

6-26 

4  20 

■89883 

66-67 

58-92 

97 

93-3 

-9M4S 

3-80 

3-03 

■89997 

65-9:1 

58-15 

99 

96-9 

■99S6S 

2-31 

1-84 

-90182 

65-14 

67-34 

99 

98-2 

-99851 

■MT 

\      ?^^ 

■90367i 

&I-34 

56-62 

100 

l-000(»\       ... 
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oury;  it  b  then  ready  for  an  operation  of  several  hours,  or  ever 

entire  diij,  if  no  considerable  vaviations  of  atmospheric  pressure    | 
ftre  experienced.* 

Table  ExtiisiTisa  the  Boilihg-poihts  of  Alcohol  am 
Watkb  of  trb  Given  Strengths.     By  Gboniko. 


Boniw-pBinT 

JSL 

Bcfll^ln, 

AleoUol 

205-34 

5 

178-96 

es 

199  22 

10 

ITO-e 

60 

195-8 

IS 

178-7 

6fi 

192-38 

20 

J77-62 

70 

189-5(1 

25 

176 -M 

76 

ISVIO 

30 

175  « 

80 

185- 

.ts 

174-92 

85 

183-3S 

40 

174-2 

90 

182-12 

45 

17314 

95 

181-68 

60 

172- 

100 

I  66,  Proof  Spirit,  a  term  in  constant  use  for  purposes  of 
vxcise,  ia  a  diluted  spirit,  which  was  defined  by  Act  of  Parlia-' 
ment  (58  George  III.)  to  be  "  such  as  shall,  at  the  temperature 
of  51°F.  {10-5°C.),  weigh  exactly  twelve-thirteenth  parts  of  an 
equal  measure  of  distilled  water."  According  to  Drinkwater  it 
consists  of — 


lOO-OO 
and  its  specific  gravity  at  15-5''C.  is  0-79381, 

In  the  analyais  of  all  spirits  (seeing  that  the  terms  "proof" 
and  "  under  proof"  arc  used  and  known  in  the  trade),  the  state- 
ments of  results  should  always  include  the  percentage  of  proof 

§  67.  TesitfoT  il/coAo?.— The  principal  tests  for  alcohol  are  the 
following : — 

{1.)  Production  of  Acetic  Ether. — To  a  distillate,  or  aqueous 
solution  supposed  to  contain  alcohol,  some  acetate  of  soda  is 

In  the  pKaent  work  the  elaborate  tablet  of  Oay-Lauac,  TrallM,  Ik.  ,  are 
~  xery  analyrt  is  certain  to  have  the  Drdinary  oheodcal 

tbemathand. 


!n  the  pi 
not  q  Qoted, 
toMtixa 
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addedy  and  sulphuric  acid  in  amount  more  than  sufficient  to 
decompose  the  acetate.  The  flask  containing  the  mixture  is 
connected  with  a  Liebig's  condenser,  placed  vertically,  and  boiled 
for  a  few  minutes ;  any  volatile  vapour  is  condensed,  and  falls 
back  again  into  the  flask.  On  removing  the  cork,  if  acetic  ether 
has  been  produced,  it  can  readily  be  detected  by  its  odour. 

(2.)  Bedttction  of  Chromic  Acid  or  BichronicUe  of  Potaal^  to 
Oxide  of  Chromium, — A  crystal  of  chromic  acid,  placed  in  a  test- 
tube,  with  a  fluid  containing  alcohol  warmed  to  a  boiling  tem. 
perature,  is  decomposed  into  the  green  oxide  of  chromium. 
Instead  of  chromic  acid,  a  test-solution  of  one  part  of  dichro- 
mate  of  potash  dissolved  in  300  parts  of  sulphuric  acid,  may  be 
used.  A  portion  of  the  liquid  to  be  tried  is  mixed  with  twice 
its  volume  of  concentrated  sulphuric  acid.  On  pouring  a  small 
quantity  of  this  mixture  into  a  quantity  of  the  test  solution,  a 
deep  green  is  produced  where  one  fluid  touches  the  other.  This 
is  a  very  good  test  in  the  absence  of  other  reducing  agents,  such  as 
formic  acid,  ether,  &c. 

(3.)  Dr,  Edmund  Davy^a  Test, — Dr.  Davy  has  proposed  a  test  for 
alcohol  founded  on  a  colour  reaction,  and  produced  also  by 
methyl,  propyl,  butyl,  and  amyl  alcohols,  ether  and  aldehyde. 
A  solution  of  one  part  of  molybdic  acid  in  ten  of  strong  sulphuric 
acid,  is  warmed  in  a  porcelain  capsule,  and  the  liquid  to  be 
tested  allowed  to  fall  gently  on  it.  If  alcohol  is  present,  a  blue 
coloration  appears  either  immediately,  or  in  a  few  moments ;  the 
liquid  gradually  absorbs  moisture  from  the  air,  and  the  colour 
disappears,  but  it  may  be  reproduced  by  evaporation.* 

(4.)  The  ProdTiciion  of  Iodoform. — According  to  Lieben,  one  part 
of  alcohol  in  2000  of  water  can  be  detected  by  adding  to  some  of 
the  warmed  liquid  a  little  iodine  and  a  few  drops  of  solution 
of  soda;  again  warming  gently,  and  setting  aside  for  a  time, 
when  a  yellowish  crystalline  deposit  of  iodoform  is  obtained ; 
under  the  microscope  the  latter  presents  the  appearance  of 
hexagonal  plates,  six-rayed,  or  other  varieties  of,  stellar  crystals : 
CjHeO  +  4I2  +  6  NaHO  =  CHT3  +  NaCHOg  +  5NaI  +  SHgO.  The 
objection  to  this  test  is,  however,  that  other  alcohols,  aldehyde, 
gum,  turpentine,  sugar,  &c.,  give  a  similar  reaction.t 

(5.)  The  Production  fwat  of  Acetic  Acid,  then  of  Kakodyl, — A 

♦  ProeeedmgB  qf  the  Royal  Irish  Academy  [2  ii.,  579-582.];  Jonm.  Chem, 
See,,  7,  1877,  p.  108. 

t  Bajewsky  has  found  that  the  brain  of  a  rabbit,  which  had  been 
gtarved  for  two  days  before  death,  gave  a  marked  reaction  for  alcohol  with 
the  iodoform  test,  and  the  same  result  was  obtained  from  the  muscles  and 
tissues  of  rabbits.  He  therefore  considers  that  alcohol'always  exists  in  the 
animal  organism,  or  that  it  is  produced  during  distillation, —/yiJ^er't 
Arehiv.f&r  Phytioloffie,  xi,  122, 127. 
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very  delicate  test  for  alcohol,  and  one  Bpedally  suited  for  its 
detection  in  the  blood,  &a,  is  reoommendea  by  Baoheim.* 

The  finely-divided  substances  are  pnt  in  a  tabulated  retort^ 
and,  if  acid,  carefully  neutralised.  In  the  neck  of  the  retort  is 
placed  a  little  porcelain  or  platinum  boat|  containing  platinum 
black,  and  at  each  end  there  is  a  moistened  pieoe  of  strongly- 
blued  litmus-paper.  On  warming  the  retort^  if  idoohol  be  present^ 
it  is  oxidised  by  the  platinum  black  to  aldehyde  and  acetic 
acid ;  hence,  the  hinder  piece  of  litmus-paper  wul  be  reddened, 
the  front  one  unchanged.  If  only  a  drop  of  acetic  acid  be 
present,  it  is  possible  to  detect  it  in  the  foUowing  way : — ^The 
platinum  black  is  washed,  the  washing  water  neutralised  with 
potash,  and  dried  after  the  addition  of  a  few  grains  of  arsenious 
acid.  On  warming  the  dry  residue  in  a  small  glass  tube,  if  eren 
a  very  small  admixture  of  acetic  add  be  present,  the  smell  of 
kakodyl  will  be  perceptible. 

(6.)  The  Acdum  of  Alcohol  on  Chloride  of  Benzole. — ^Berthelot 
proposes  as  a  test  the  action  of  alcohol  on  chloride  of  benzole. 
Very  small  quantities  of  alcohol  decompose  chloride  of  benzole 
and  benzoic  ether.  Caustic  potash,  again,  decomposes  chloride 
of  benzoic,  but  not  benzoic  ether. 

§  68.  Separation  of  Alcoliol  from  A  ni mid  Matters, — In  order  to 
obtain  alcohol  from  organic  matters  (c.^.,  the  contents  of  the 
stomach,  or  the  tissues),  the  following  process  will  be  found  con- 
venient : — Solid  matters,  such  as  the  tissues,  are  cut  up  as  finely 
as  possible,  and  placed  with  water  in  a  retort  attached  to  a  suit- 
able condenser.  Most  liquids  require  no  previous  preparation, 
and  are  merely  poured  into  the  retort  or  flask,  as  before  de- 
scribed ;  but  it  is  desii^ble  in  the  treatment  of  urine  to  add  a 
little  tannic  acid.  About  one-third  to  one-half  of  the  liquid  is 
distilled  over  into  a  flask  closed  by  a  mercury  valve.  The  pro- 
duct is  now  made  alkaline  with  caustic  potash  (which  will  fix  any 
volatile  acid,  and  expel  any  volatile  alkali),  and  again  distilled, 
about  one-third  being  drawn  over.  The  liquid  is  next  neutra- 
lised with  sulphuric  acid,  to  fix  volatile  alkalies,  and  redistilled. 
This  final  distillate  contains  all  the  alcohol,  but  neither  volatile 
acids  nor  alkalies.  Tlic  liquid  thus  obtained  may  even  now  be 
too  dilute  to  respond  conveniently  to  tests,  and  it  may  therefore 
be  digested  for  some  hours  with  a  little  caustic  lime,  and  then 
very  slowly  distilled.  The  distillate  should  finally  be  carefully 
measured  or  weighed,  and  divided  into  two  parts,  one  of  which 
serves  for  the  application  of  the  usual  tests,  the  other  (if  alcohol 
be  found)  can  be  oxidised  in  the  manner  described  at  p.  131,  and 
estimated  as  acetic  acid  volumetrically. 

*  Chem.  CentraUf.,  18H  P*  42S. 
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§  G9.  In  tho  Gxamioation  of  Alcoholic  liquora,  onr.of  tbennalyxt's 
first  steps  ia  to  determine  tlie  percentage  of  alcohol,  aud  tlje 
metfaods  by  which  this  is  done  are  etjually  applicable  (with  nlight 
modifications)  to  all  liquids  containing  alcohol.  The  percentage 
is  ascertained — 


)  By   distillation,  and  taking  the  specific  gravity   of  the 

distillate. 
.)  By  Tabarie's   method,  applied   especially  to  wines  and 

beers. 
.)  By  Geissler's  vaporiraeter. 

By  oxidation  into  acetic  acid,  and  by  acveval  other  methods, 

which  are,  however,  not  much  in  nse  by  the  analyst. 
)  Distiliation. — A  convenient  quantity  (e.g.,  100  co.  of  beer 

50  cc.  of  spirits,  measured  at  15'5°C.)  is  placed  in  a  flask 


Fit'.  12. 

(a.  Fig.  12),  having  a  aide  tube  connected  by  means  of  a  cork  to  a 
Liebig'a  condenser.  I'he  distillate  is  received  in  a  flask  (6)  pro- 
vided with  a  doubly  perforated  cork,  into  which  tJio  bent  tube  of 
the  condenser,  os  v.ell  as  a  tube  jirovidcd  with  a  mercury  valve, 
to  prevent  loss,  is  adjusted  ;  the  latter  may  bo  readily  made  by 
putting  a  very  small  quantity  of  mercury  into  the  bend  of  an 
ordinary  thistle-head  funnel  (c).  This  precaution  is  only  neoeB- 
sary  when  very  small  quantities  are  operated  u]>on.  Experiments 
with  50  cc.  of  spirit  distilled  into  tt  flask  unprovided  with  a  valve, 
have  shown  that  there  is  no  appreciable  loss^  but  distillation 
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into  an  open  vessel  will  always  give  results  far  too  low.  Beer- 
and  wine  yield  the  whole  of  their  alcohol  when  half  is  drawn 
over ;  spirits  should  be  didtilled  nearly  to  drjmess.  In  anj  oase^ 
the  distillate  should  be  made  up  to  ezaotlj  the  same  bulk  As  the 
original  liquid  at  the  same  tempenititrey  its  specifio  gravity 
taken  in  a  proper  specifio-grairity  bottle,  aund  the  percentage  of 
alcohol  obtained  by  reference  to  the  tables  given  at  p.  125.  Sprits- 
are  best  returned  as  containing  so  much  proof  spirit^  by  weight 
and  by  volume ;  wines  and  beers,  so  much  alcohol  per  cent.,  by 
weight  and  by  volume. 

(2.)  TaboHe^s  method,  when  properly  performed,  is  sufficiently 
accurate  for  all  practical  purposes  in  uie  case  of  beers,  wines,  and 
similar  liquids.  The  specifio  gravity  is  first  accurately  taken  at 
,  15*5^0. ;  a  measured  quantity — say  100  cc-^is  then  boiled  long 
enough  to  evaporate  away  the  whole  of  the  alcohol,  made  up  to- 
the  original  bulk  at  the  same  temperature,  and  its  specifio  gravity 
again  determined.  IVom  these  datft  the  ilpecific  gitkvity  of  the 
liquid  which,  if  it  had  been  condensed,  would  have  collected  in 
the  flask  before -mentioned,  is  determined.  Thus,  specific  gravity 
of  the  liquid  before  boiling,  divided  by  the  specific  gravity  of  the 

de-alcoholised  liquid  =  specific  gravity  of 
tlio  diluted  alcohol  which  has  been  boiled 
away.  An  actual  example  will  suffice: — 
A  beer,  before  boiling,  had  a  specific  gravity 
of  1*014;  after  boiling,  and  on  making  it  up 
to  the  original  bulk,  its  specific  gravity  was 
1-0172  ;  now  ^^iVrV  =  '^^^^^  and  on  refer- 
ence to  the  table  at  p.  125,  '9908  is  found  to 
correspond  to  1*68  per  cent  of  alcohol. 

(3.)  Geisslers  VaporimeUr  is  capable  of 
giving  sufficiently  accurate  results  for  tech- 
nical purposes,  and  as  it  has  the  advantage 
of  great  expedition,  it  may  always  be  used 
to  supplement  and  check  other  methods 
which  take  more  time.  It  depends  on 
the  measurement  of  tlio  tension  or  elastic 
force  of  the  vapour  of  the  liquid,  as  indicated 
by  the  height  to  which  it  raises  a  column 
of  mercury.  The  apparatus  (see  Fig.  13) 
consists  of  four  pans — viz.,  (1.)  A  brass 
vessel  A,  containing  water;  (2.)  a  doubly  bent 
tube,  BB,  fastened  to  a  scale ;  (3.)  a  cylin- 
drical vessel  C,  which  is  filled  with  mercury 
and  the  fluid  to  be  tested;  (4.)  a  brass 
vessel  D,  in  the  upper  part  of  which  there  is  a  thermometer. 


Fig.  13. 
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By  lemoying  the  bent  tube  and  its  connections  from  A,  it  may 
be  tamed  upside  down,  and  0  detached;  the  alcoholic  fluid  is 
tkea  poured  in  so  as  to  fill  the  space  between  c  and  d^  which, 
the  instnunent  is  inverted,  is  empty.  It  is  now  connected 
the  bent  tube,  and  adjusted  exactly  as  in  the  figure,  the 
water  made  to  boil  in  A,  when  the  mercury  runs  up  to  a  certain 
height  in  the  tube,  and  the  percentage  is  directly  re$id  from 
the  scale.  Should  the  thermometer  not  register  lOO^C,  cer- 
tain corrections  must  be  made,  which  is  most  conveniently  done 
hf  a  table,  sold  with  the  instrument.  Care  in  this  manipulation 
must  always  be  taken  to  exclude  air  from  the  bulb. 

(4.)  Oxidation  into  AceUc  Add  is  an  extremely  accurate  method 
of  determining  vinic  alcohol,  and  is  specially  applicable  to  small 
quantities.  Dr.  Dupr^  recommends  the  following  process : — * 
A  small  quantity  of  the  distillate,  representing  about  a  gramme 
of  alcohol,  is  put  in  a  small  strong  assay-flask,  and  mixed  with 
10  ca  of  an  oxidising  solutioD,  composed  of  147  grms.  of  bichro- 
mate of  potash  and  220  grms.  of  sulphuric  acid,  made  up  to 
1,400  ccA'by  water.  The  flask  is  well  stoppered  by  caoutchouc,  and 
&rmly  tied  down  by  canvas  and  string.  It  is  then  suspended 
upri^t  in  a  water-bath  (the  nedk  being  above  the  water), 
and  heated  for  two  hours  between  80°  and  90°C.  The  flask  is 
next  removed,  and  the  excess  of  bichromate  reduced  by  zinc  and 
sulphuric  acid;  the  solution  is  transferred  to  a  small  retort 
(adding  some  sulphuric  acid  and  bits  of  tobacco  pipe),  and 
distilled  over  from  a  spermaceti-bath  (see  Fig.  12).  It  will  be  found 
necessary  to  distil  at  least  thrice  nearly  to  dryness,  each  time 
^M^<^lT^g  water  to  the  contents.  The  united  distillates  contain 
acetic  acid,  the  result  of  the  oxidation  of  the  alcohol.  This 
acetic  acid  may  be  determined  by  a  volumetric  solution  of  soda, 
and  the  amount  of  alcohol  to  which  it  is  equivalent  calculated 
by  the  following  short  table  : — 


AceUc  Acid. 

iVlcohoI. 

1            .            .           =           .            .            -7666 

2 

z^ 

1-5332 

:i 

_«                     , 

2-2998 

4 

=3 

30664 

5 

~"*                          ^ 

3-8330 

6 

r= 

4-5996 

7 

=^ 

53662 

8 

,                   = 

6-1328 

9 

== 

1 

68994 

10 

,                   = 

7-6606 

*  It  has  been  shown  by  Wanklyn  that  alcohol  may  also  be  oxidised  into 
acetic  acid  very  readily  by  an  alkaline  eolation  of  permanganate  of  potash ;  it 
would  appear  that  in  this  case  there  is  no  previous  formation  oC  alds^Vi^^^. 
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There  are  several  other  methods  of  estimating  alcohol,  but  the 
above  are  the  most  practical  and  efficient ;  and  whenever  the 
amount  of  alcohol  is  important  (as,  for  example,  in  the  case  of 
spirits)  the  analyst  should  determine  it  in  at  least  two  different 
ways.  The  specific-gravity  methods  presuppose  the  presence  of 
ethylic  alcohol  only ;  but  it  is  sometimes  necessary  to  test  fluids 
also  for  methylic  and  amylic  alcohols.  For  these  the  following 
processes  are  available : — 

§  70.  Methylic  AlcohoL — 100  c&  of  the  suspected  spirit  are  dia- 
tilled  twice,  having  been  rendered  alkaline  durins  the  first  pro- 
cess and  acid  during  the  second,  about  two-thirds  being  distilled 
over  each  time.  The  distillate  is  now  shaken  up  with  dry 
potassium  carbonate,  and,  after  standing  over  night,  the  upper 
layer  is  taken  off  by  a  syphon  or  pipette,  and  again  twice 
distilled,  about  15  cc  being  driven  over.  This  will  contain  any 
methylic  alcohol  present  in  the  original  100  cc.  A  portion  of 
the  distillate  is  now  diluted  with  water  to  a  strength  from  10  to 
15  per  cent.,  and  in  this  diluted  spirit  the  alcohol  determined — 
(1.)  By  specific  gravity;  (2.)  by  Geissler*s  vaporimeter;  and,  (3.) 
by  oxidation  into  acetic  acid.  If  etliylic  alcohol  alone  is  pre- 
sent, all  three  methods  fairly  agree.  The  si)ecitic  gi'avity  will 
give  the  total  amount  of  both  alcohols,  the  specific  gravity  of 
aqueous  methylic  and  ethylic  alcohols  being  almost  identical ; 
but  since  methylic  alcohol  has  a  higher  vapour  tension  than 
ethylic,  Geissler's  vaporimeter  will  give  a  higher  result.  The 
oxidation  process  will,  on  the  other  hand,  give  a  lower  result, 
for  methylic  alcohol  yields  water  and  COg,  so  that  the  acetic  acid 
found  is  derived  wholly  from  the  ethylic  alcohol,  and  the  differ- 
ence between  the  strength  thus  found  and  that  derived  from  the 
specific  giuvity  gives  a  rough  indication  of  the  i)roportion  of 
methylic  alcohol  present.  If  the  methylic  alcohol  is  in  sufiicicnt 
quantity,  instead  of  the  usual  slight  vjicumn  on  opening  the 
fiask,  there  is  an  escape  of  carbonic  anhydride,  and  there  is  no 
reason  why  this  gas  should  not  be  cither  absorbed  or  collected 
and  estimated. 

Dr.  Duprd  gives  the  following  example.  A  pure  whisky 
showed — 

Strength  hy  specific  gravity,  .        .        .        9\S.'}  per  cent. 
„  Vaporimeter,        .  .        ft*?')        „ 

„  Oxidation,    .        .        .        .        ^15        „ 

The  same  whisky,  adulterated  with   10  per   cent  of  ordinary 
methylated  spirit,  and  tested,  gave— 
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Strength  by  specific  jjravity,        .        .         10  08  per  cent. 
„  Vaporimeter,     . 


10-45 


Oxidation,  9*50* 


The  remainder  of  the  distillate  may  be  used  in  producing  methyl 
aniline  violet  or  oxalate  of  methyl. 

The  general  process  for  the  production  of  methyl  aniline  violet 
is  as  follows  : — 10  cc.  of  alcohol,  with  IT)  grms.  of  iodine  and  2  grms. 
of  red  phosphorus,  are  put  into  a  small  flask,  and  distilled  into 
30  or  40  cc.  of  water.  The  alcoholic  iodide  which  settles  to  the 
bottom  is  separated  by  a  pipette,  and  collected  in  a  fljisk  contain- 
ing 5  cc.  of  aniline.  If  the  action  be  too  violent,  the  flask  can 
be  cooled  with  cold  water ;  if  too  slow,  a  little  heating  may  be 
necessary.  At  the  end  of  an  hour  the  crystals  are  dissolved  in 
hot  water  and  boiled,  an  alkaline  solution  is  afterwards  added^ 
and  the  bases  rise  to  the  top  in  the  form  of  an  oily  stratum, 
which  may  be  separated  by  bringing  the  oil,  by  the  addition  of 
water,  on  a  level  with  the  neck  of  the  flask.  The  oxidation  of 
the  bases  may  be  effected  in  various  ways,  but  best  by  pouring  a 
cubic  centimetre  of  the  oily  liquid  on  10  grms.  of  a  mixture  formed 
of  100  grms.  of  quai-tz  sand,  2  of  chloride  of  sodium,  and  3  of 
nitrate  of  coi)per.  After  incorpoi-ation  it  is  introduced  into  a 
glass  tube,  and  kept  at  90°C.  in  a  water- bath  for  eight  or  ten  hours; 
it  is  ultimately  exhausted  by  warm  alcohol,  thrown  on  a  filter, 
and  made  up  to  100°C.  If  the  alcohol  was  pure  the  tint  is  red; 
if  it  contained  1  per  cent,  of  methyl  alcohol  the  colour,  by  the 
side  of  the  preceding,  is  manifestly  violet;  with  2*5  per  cent, 
the  shade  is  a  very  distinct  violet;  and  with  5  per  cent,  it 
is  considerably  darker.  The  process  may  be  made  quantitative 
by  having  volumetric  solutions  of  methyl  and  ordinary  alcohol. 
Very  minute  quantities  of  methyl  alcohol  may  be  detected  by 
adding  5  cc.  of  the  liquid  to  95  cc.  of  water,  and  then  again 
diluting  5  cc.  of  this  liquid  with  400  cc.  of  water,  and  heating  it 
in  a  i>orcelain  capsule.  Fragments  of  white  merino  (free  from 
sulphur),  immersed  in  the  liquid  for  half  an  hour,  will  remain 
white,  if  the  alcohol  was  pure;  if  methyl  was  present,  they  will  be 
of  a  violet  tint.t 

§  71.  Oxalate  of  Methyl  may  be  obtained  by  mixing  the  dis- 
tillate with  half  its  bulk  of  sulphuric  acid  and  double  the 
quantity  of  hydropotassic  oxalate.  The  whole  should  stand  in 
the  retort  for  twenty-four  hours,  and  then  be  distilled.  Ciystals 
appear  after  a  time  in  the  cooler  parts  of  the  flask  or  retort ; 

*  Note  on  the  Examination  of  Whisky  and  other  Spirits  for  Methylated 
Spirit  and  Fonsel  Oil,  by  Dr.  Dupr6.     Analyst^  i.,  1876,  p.  4. 
+  A.  Riche  and  Brady,  Cornpies  Jiendus,  vol.  xxx.,  p.  1096. 
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their  composition  is  (0113)20204.    It  would  also  be  quiie  possible 
to  produce  such  compounds  as  the  salioTlste  of  methjl,  &c, 

§  72.  Formic  Acid. — It  has  been  alread7  stated  that  methyl 
alcohol,  when  fully  oxidised,  is  resolved  into  CO2  and  water. 
This  takes  place  in  two  stages ;  first,  formic  add  is  prodofledy 
and  then  this  formic  acid  br^GLks  up.     Thus : — 

(1.)  Methyl  Alcohol.  Formic  Add. 

CHfi  +  Og  =  CH2O2  +  H,0 

(2.)  Formic  Add. 

OHjOj  +  O2  =  2CO2  +  2H2O 

It  hence  follows  that  if  a  spirit  be  distilled  in  the  mannnr 
recommended  by  Dr.  Dupr^,  and  only  partially  ozidiBed,  it  is 
possible  to  get  formic  add,  whidi  has  some  very  characteristic 
properties.  To  obtain  this  result  a  small  portion  of  the  dis- 
tillate, 2  to  4  cc.,  is  taken,  and  3  gnns.  of  potassic  dichromate 
are  added,  with  an  equal  quantity  of  pure  sulphuric  add,  and  four 
or  five  times  as  much  water.  This  is  allowed  to  act  for  twenty 
minutes,  and  then  distilled  ;  the  liquid  is  alkalised  with  sodium 
carbonate,  evaporated  to  half  its  bulk,  acidulated  with  acetic 
acid,  transferred  to  a  test-tube,  and  then  heated  gently  with  a 
5  per  cent,  solution  of  nitrate  'of  silver.  If  formic  acid  has  been 
produced,  there  is  a  distinct  precipitate  of  metallic  silver. 

§  73.  Fouael  OU  is  the  name  given  by  most  chemists  to  amylic 
alcohol ;  it  may,  however,  be  conveniently  applied  to  the  mixture 
of  the  higher  homologues  of  ethylic  alcohol.  Dr.  Dupr^*  detects 
fousel  oil  by  oxidising  one  or  two  grammes  of  alcohol,  previously 
distilled  (if  necessary)  in  the  manner  already  described.  When 
cool  the  flask  is  opened,  the  excess  of  dichromate  reduced  by 
zinc,  and  the  acids  produced  distilled  off.  The  acid  distillate 
is  neutralised  with  a  standard  solution  of  normal  soda,  the 
solution  evaporated  to  a  small  bulk,  and  transferred  to  a  retort. 
An  amount  of  normal  sulphuric  acid,  equal  to  one-twentieth  of 
the  normal  alkali  used,  is  now  added,  and  the  contents  of  the 
retort  are  distilled  to  dryness  in  an  oil-bath,  the  tempei'ature  being 
allowed  to  rise  to  about  130°C.  Water  is  then  added,  with  a 
further  quantity,  one-twentieth,  of  normal  acid,  and  the  contents 
rc-distilled  to  dryness.  Some'  water  is  now  poured  on  the 
dry  residue  in  the  retort,  aud  it  is  again  distilled,  the  latter 
operation  being  repeated  three  times.  The  distillates  from  these 
various  operations  are  united,  neutralised  by  carbonate  of  barium, 
the  solution  boiled,  filtered,  and  evaporated  to  dryness,  the 
residue  dried  at  130^0.,  and  weighed.     The  barium  salt  is  con- 

•  Op,  cit. 
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-verted  into  sulphate  in  the  usual  manner,  and  the  percentage  of 
bariiim  determined.  The  data  are  now  at  hand  to  determine  the 
presence  of  fousel  oil  in  the  sample,  and  the  approximate  quantity. 
The  barium  salt  of  the  acid  produced  by  the  oxidation  of  fousel 
oil,  (Barium  valerianate,  Ba(C5Hj)02)2,)  contains  4041  per  cent, 
of  barium.  The  barium  salt  of  the  acid  derived  from  the  oxida- 
tion of  pure  alcohol,  (Barium  acetate,  Ba( €211302)2,)  contains 
53*72  per  cent,  of  barium.  If  the  alcohol  is  free  from  fousel  oil, 
the  barium  found  will  closely  approximate  the  percentage  men- 
tioned ;  but  if  the  higher  alcohols  are  present,  the  percentage  will 
be  lower,  and  a  fair  approximation  to  the  amount  of  fousel  oil 
will  be  arrived  at  by  estimating  tbe  salt  as  a  mixture  of  baric 
acetate  and  valerianate,  and  calculating  out  the  percentages  on 
the  usual  principles. 
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§  74.  The  most  accurate  definition  of  beer,  as  brewed  in  the 
present  day,  is  that  of  a  fermented  saccharine  infusion,  to  which 
has  been  sodded  a  wholesome  bitter.  The  chief  constituents  of 
beer,  stouts,  and  porters,  are — 

(1.)  Water  containing  in  solution  (according  to  its  origin) 
various  salts.  Distilled  water  is  never  used  in 
brewing. 

(2.^  Alcohol. 

(3.)  Carbonic  and  acetic  acids. 

/ixitru      *      +     I  Jlalt   sugai*,   dextrine,   albuminous   con- 
t "T.  1  Juaiu  extiracv.    /        .«.        .         j     -i 
^    '  'I       stituents,  and  ash. 

(5.)  Bitter  principles,  occasionally  derived  solely  from  the  hop, 
but  very  commonly  supplemented  by  so-called  "  hop 
substitutes."  Samples  of  the  latter  examined  by  the 
author  all  contained  "  (|uassia,"  and  portions  of  the 
following  plants  were  identified  —  Calumba,  chirata, 
gentian,  and  wormwood. 

(6.)  The  oak  derived  from  the  water,  the  malt,  and  the  bitters. 

To  these  must  be  added  volatile  and  essential  oils,  vegetable 
gelatine,  glucinic  acid  derived  from  the  sugars,  lactic  acid,  and,  in 
porters^  caramel  and  assamar. 

Tbe  general  Ciwiposition  of  the  chief  ingredients  of  beer  may- 
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Kaiser. 
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0-17 
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58 
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5  0 

51 

0-15 
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Barnrian  Store  Beer,  MQncLe 
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Oil! 
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Prague  Draught  Beer,    . 

C-9 

2-4 

90-7 

BalliDK. 

„     Tow-n  Beer  (Sts.lt  Bi 

r),   lUO 

3-n 

85-3 

Sweet  Boar,  Bronswick, 

14-0 

847 

otti! 

Joaty'fl  Boer,  Berlin,      . 

2-G 

2-ti 

94 -.-I 

Ziurek. 

Werder's  Brown  Beer,  Berlin 

,       3-1 

2-3 

o:i 

94-2 

\\Tiite  Beer.  Horlin.      . 

5-7 

1-0 

0(i 

SI'S 

Bi>re  Blauclie  de  Louvaili, 

3-0 

40 
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93  0 

Le  Cawbro. 

40 

05 

89 -,1 

The  composition  of  beei-s,  as  a,  whole,  varies  in  some  degree 
according  to  the  kind  of  ale  or  beer,  Recording  l-o  the  method  of 
manufacture,  and  according  to  its  age  and  preservation. 

Pale  Ale  should  be  made  from  the  finest  and  highest  dried 
malt  and  the  choicest  hops,  the  bitter  being  in  excess. 

Mild  Ale  ia  a  sweet,  rather  strong  beer.  Table  htvr  is  mrelj 
sold — it  is  a  weak  watery  ale. 

J'orter,  as  drunk  in  the  metropolis,  ia  a  rather  weak  malt- 
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liquor,  coloured  and  flavoured  with  roasted  malt.  Stout  is  a  richer 
and  stronger  description  of  porter. 

Bavarian  Beers  in  some  degree  derive  their  peculiar  qualities 
from  fermentation  at  a  low  temperature.  They  seldom  contain 
more  than  two  per  cent,  of  alcohol,  are  only  slightly  bittered, 
have  a  fine  aroma,  and  a  peculiar  flavour,  said  to  be  due  to  tho 
solution  of  a  minute  fraction  of  the  resinous  matters  used  to 
caulk  the  casks. 

Lambick  and  Faro  Beers  are  made  with  unmalted  wheat  and 
barley  malt.  In  fermentation  the  wort  is  self-impregnated,  the 
process  sometimes  taking  months,  and  being  mostly  of  a  bottom 
character.  The  beer  contains  a  large  quantity  of  lactic  acid,  and 
is  very  hard  in  consequence. 

Of  the  constituents  of  beer,  it  will  be  necessary  to  notice  fully 
the  water,  the  malt  extract,  the  bitters,  and  the  ash. 

§  75.  The  water  used  by  the  brewer  is  mainly  interesting  to  the 
analyst  on  account  of  the  common  salt  held  in  solution,  since  in 
prosecutions  for  the  addition  of  salt  the  defence  generally  is,  that 
the  latter  is  a  natural  component  of  the  beer.  Thus,  Dr.  Bottinger's 
analysis  of  the  constituents  of  the  water  used  at  Messi's.  Allsopp's 
brewery  is  as  follows : — 


Por  Gallon. 

Cbloridc  of  Sodlam, 

1012 

8nlphate  of  Potash, 

7-05 

,,           Lime, 

18-9(> 

„           Magnesia, . 

9-95 

Carbonate  of  liinie, 

15-51 

,,             Magnesia, 

1-70 

Iron, 

OGO 

Silica, 

U-79 

05-28 


Messrs.  Bass  and  Co.'s  water  (according  to  an  old  analysis  of 
Cooper)  contains  chlorine  equal  to  a  little  over  10  grains  of 
common  salt  per  gallon,  and  all  published  analyses  of  water  used 
in  breweries  give  quantities  of  salt  under  14  gi-ains  per  gallon. 
However,  since  breweries,  as  a  rule,  use  hard  spring  water, 
it  is  quite  possible  for  the  water  in  particular  localities  to 
contain  a  much  larger  percentage  of  salt  than  the  quantity 
mentioned  above. 

§  76.  Malt  Extract. — Tho  constituents  of  barley  and  also  of 
malt  are  given  in  the  accompanying  table  ;  but  of  these  it  is  the 
ash  alone  which  will  remain,  comparatively  speaking,  unchanged ; 
for  by  the  action  of  mashing  a  very  large  portion  of  the  dextrine 
and  starch  becomes  changed  into  sugar. 
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B»rlw. 

Air-driwl. 

KIlD-drKKI, 
fit. 

Aii-OrML 

KIIn-drt«l. 

la's 

47  < 
0.9 
US 

10  a 

2-6 
2-7 

Dextrine. 

SUrth,  .... 

Alburainoua  aubBtauces, . 
AaU.  Sc., 

6-6 
67-0 
DO 
9-» 

2« 
31 

84 
681 
Q'5 

13-a 
2-2 

3-2 

7-8 
6-6 
58-G 
0-7 

10-8 
10  ■* 

2i 
2-7 

W0« 

lOU-O 

100  0 

m-Q 

Barley  contains  dextrine,  starch,  albuiumoiiB  sulistauces,  and 
a  Bmall  quantity  of  fat,  together  with  cellulose,  and  the  ordinary 
saline  constituents  of  seeds.  !M!alt,  varying  a  little  in  composition 
according  to  the  heat  of  the  final  oiioi-ations  of  the  maltster, 
difiera  from  barley  in  containing  a  small  quantity  of  sugar 
{derived  from  transformation  of  a  portion  of  the  starch),  rather 
more  dextrine,  and  altogether  less  oi^nic  matter,  the  loss  on 
malting  being  usually  represented  as — 

Water, C-00 

Saline  matter, 11-43 

Organic  matter, l'J'32 

19-00 
in  100  per  cent,  barley. 

The  constituents  of  barley  are  thus  given  by  Oudemann: — 

Dried  Rarlbv. 

Starch, «j7 

Dextrine 3'5 

Gluten  insoluble  in  water,  soluble  in  aleohul,  0'3 

Soluble  albaminous  bodies  coagnlable  by  heat,  0  '3 

II               „               not  coagulable,    .  1  '9 

Albmniaous  bodies  ioBoluhle  in  water  or  iu  alcohol,  O'S 
Fatty  subai 
CeUnloBc, 
A«b,    . 


:^ 


i '». 


1:1:1:1;. 
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According  to  Tliomsoii,  the  following  Is  tlu^  relative  com- 
pofiitioji  of  the  ash  of  malt  and  barley : — 

BHley.  Mftlt. 

Potaah, 16-00  14-54 

Soda, 8-86                    C-08 

lime, 3*23                    389 

Magnesia, 4*30                     9*82 

Ferric  Oxide, 0*83                     1*59 

Phosphoric  Acid,  P2O5,    .  36  80  35-34 

Sulphuric  Acid,  (SO3),    ...  016                    00 

Chlorine, 015  Trace. 

Silica, 29-67  28*74 

Yahsntine  and  O'Sullivan  have  recently  disputed  the  oorrect- 
nefis  of  Oudemann's  and  the  older  analyses  in  the  following 
points  : — Oudemann  finds  from  5  to  8  per  cent,  of  dextrine,  Mr. 
O'Sallivan  no  dextrine  at  all ;  the  smaJl  percentages  of  sugar 
generally  quoted — viz.,  up  to  1*0  per  cent,  Mr.  O^SiIllivan  gives 
at  from  16  to  20  per  cent. ;  and  the  authors  have  compiled  the 
foUawing  table,  stating  that  each  item  has  been  estimated  directly, 
4uid  not  by  difference: — 

Composition  of  Pale  Malt. 

_      ,  (1.  (2.) 

Stereh,  ....  44*].'>  4513 

Otiier  Carbo-hydrates  (of  which 
60  to  70  per  cent,  consist 
of  ferm^itable  sogars), 
InnlinC?)  and  a  small 
quantity  of  other  bodies 

soluble  in  cold  water,  21*23  19  39 

Cefivlar  matter,      ...  11*57  10*09 

Fat,        .        .  1^65  1  90 

Allnuninoids— 

(a.)  Soluble  in  alcohol  of 
specific  mvity  '820, 

and  in  cold  water,  -(]?,  ...  -46 

{h, )  Soluble  in  cold  water 

aiidat68fC.,    .  3*23  ...  3*12 

(e.)  Insoluble  in  cold  water, 
but  soluble  at  68^  to 

70**C.,       .        .        .      2  37  ...  1*36 

id,)  iBMlnble  at  68''  to 
7IK?.,  but  soluble  in 
eold  water  (albumen 

proper),     .        .        .         *48  ...  '37 

{e. )  liuMnnble  in  cold  water, 

and  at  70**C.,    .  6*38  ...  8*49 

13^9         1380 

Adb, 2-60  1-92 

Watw, 5-83  7-47 

100  12  99-76 
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A  Hugiir,  "maltose,"  iaobtoineil  by  thcHction  of  mult  extract  on 
etavcli;  it  has  a  specific  rotatory  power  of  +  IIJO",  and  l(fO  parts 
of  it  art:  equal  to  65  jinrts  of  ^'tucuse  iii  reducing  ciipric  oxide. 
It  fonna  a  Lard,  whiU',  ciyBtalline  masa,  coiisiating  of  needles 
wliioli  lose  their  water  in  a  curreut  of  air  at  lOO'C  MaJloRe 
may  be  estimated  by  Feliling'a  aolution,  10  cc.  of  Feliltng  being 
equivalent  to  0'073  grm.  malt  angar.  fl  of  metJilUc  coi>per  - 
■85227  maltose.] 

§  77.  Beer  Bttterg. — If  the  analyst  sliould  find  tliebeer  bittered 
by  any  Hubatauce  other  than  hop,  his  vei-diot  as  to  whether  it  U 
an  lid II Iteration,  or  not,  will  dejiend  altogether  on  the  nature  of 
the  unbstance  added;  for  since  the  repeal  of  the  hop  dnty  in 
1S62,  and  the  consequent  return  of  the  trade  to  otlmr  bitters, 
anything  harmless  in  the  way  of  a  bitter  is  pei-fectly  legal.  If,. 
however,  such  poisons  as  picric  acid,  picrotoxin,  or  colchicini<, 
shoiihl  be  found,  there  can  bo  no  difi'erence  of  opinion  as  to  the 
conrae  the  analyst  should  pnrsue. 

With  regai-d  to  these,  picric  acid  has  certainly  been  discovered, 
and  picrotoxin  is  strongly  siisppcti'il,  but  aa  yet  the  !;irtfr  h.is 
not  been  proved  to  be  a  common  adulterant.  The  evidence  as 
to  the  reputed  occuiTence  of  colchicine  is  unsatisfactory.     Van- 

f;e]dem,  a  short  time  ago,  obtained  from  a  mixture  of  genuine 
lops  and  the  guuimy  matter  of  beer  a  substance  giving  the 
renctions  of  colchicine,  so  that  a  mistake  is  possible. 

5  78.  Hope. — Hops  are  the  catkins  of  the  Cumulus  lupulas,  and 
consist  of  imbricated  scales  enclosing  tho  so-callcd  nut.  The 
scales  themselves  are  covered  with  aromatic  superficial  glands, 
which  are  designated  "  yellow  pow  der,"  or  lupuiin.  Freed  as 
&r  as  possible  from  the  lupulinic  grains,  the  scales  consist  of 
astringent  matter,  chlorophyl,  gum,  colouring  matter,  and  ash. 
The  lupuiin  itself,  according  to  Dr.  Yves,  contains  the  following, 
matters: — 

Volatile  Oil, ? 

Tsanio 416 

Extractive S-33 

Bitter  principle, 0-16 

Wm 10-00 

Ee«n 3000 

Ligniii 38-33 

lx)ss, -02 

lOOIK) 

This  analysis  does  not  include  the  oil  of  hops,  which  is  a  very 
important  constituent  of  tte  hop,  and  may  be  obtained  by  dis- 
tilling the  fresh  flowera,  or  the  lapiUin. 
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The  resin  and  bitter  principle  of  tlie  liop  .ire  to  the  brewer  the 
most  important  constituents,  its  commercial  value  being  directly 
dependent  on  them.  According  to  some  recent  analyses  made 
by  Mr.  Porter,  the  substances  capable  of  solution  in  ether  (viz., 
the  oil,  resin,  and  bitter  principle)  vary  in  different  samples 
from  8-8  to  a  little  over  17  per  cent* 

§  79.  Lupvlite,  or  true  Lupulin  (a  substance  isolated  by  Lermer 
in  1863),  can  be  obtained  in  rhombic  prisms  by  treating  fresh 
hops  with  four  times  their  weight  of  ether,  distilling  the  ether 
otf,  then  adding  to  the  extract  alcohol  of  90  per  cent,  (which 
leaves  the  wax  undissolved),  and  again  taking  up  the  alcoholic 
extract  with  ether.  The  ethereal  solution  is  repeatedly  shaken 
with  strong  potash- lye  to  get  lid  of  the  resin,  and  lastly  with 
pure  water  to  take  up  the  bitter  matter.  It  is  precipitated  from 
the  aqueous  solution  by  sulphate  of  copper,  the  composition  of 
the  precipitate  being  Cj^Hg^C^iO^ ;  and  crystals  are  obtained  by 
dissolving  the  precipitate  in  ether,  decomposing  with  SHg, 
and  evaporating  the  ethereal  filtrate  in  a  stream  of  carbonic 
acid  gas. 

A  principle  very  bitter,  but  not  crystalline,  can  also  be  obtained 
by  adding  to  the  aqueous  extract  of  the  lupulin  grains  a  little 
lime,  and  then  treating  with  alcohol.  The  solution  is  to  be 
evai>orated,  the  mass  treated  with  water,  and  the  solution  again 
evaporated  to  dryness.  On  washing  this  residue  with  ether,  a 
white  uncrystallisable,  bitter  principle — soluble  in  20  pai'ts  of 
water,  very  soluble  in  alcohol,  and  but  slightly  so  in  ether — ^is 
obtained  ;  it  is  probably  a  derivative  of  Lermer*s  lupulite. 

Lertner^a  LupvMte  crystallises  in  glittering,  rhombic,  brittle 
prisms,  tasteless  in  themselves,  but  with  a  very  bitter  flavour, 
and  an  acid  reaction  when  dissolved  in  alcohol.  They  are 
insoluble  in  water,  but  dissolve  easily  in  alcohol,  ether,  chloro- 
form, bisulphide  of  carbon,  benzole,  and  turpentine ;  exposed  to 
the  air,  they  soon  become  yellow  and  partly  amoi-phous. 

The  ash  of  the  hop  difters  but  little  from  the  ashes  of  foliar 
organs  generally,  the  relative  proportion  of  each  constituent 
varying  within  somewhat  wide  limits,  according  to  the  particular 
variety.     (See  table  on  next  page.) 

Oil  of  llopSy  according  to  the  researches  of  Wagner,  consists 
chiefly  of  an  oxygen-holding  oil,  CjqHjjjO,  containing  in  solution 
a  camphor  boiling  at  175^0.  The  specific  gravity  of  the  oil 
itself  is  0*968.  It  begins  to  boil  at  125°C.,  and  successive  por- 
tions can  be  separated  by  fractional  distillation,  the  last  passing 

*  On  the  Examination  of  Hops,  by  W.  E.  Tortir,  F.C.S.  Anahj.^t^ 
AnguBt,  1877 ;  January,  1878. 
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OonnrrEins  or  the  Ash  of  Hop  Cones. 


w„„.o.«.>. 

K.W.T™, 

Bnlk-r 

Ooldbv 

anpn 

tmpC 

ThIbW- 

Vwl^qf 

V^. 

VutHJ. 

Potwsli.  . 

ll-SS 

MM 

25  ■» 

19-41 

Soda,     . 

fl.j8 

Lim«,     .         . 

lf-9S 

21 -59 

19-47 

U-15 

M^W       - 

5M 

4IJ9 

6-27 

S-34 

Almnma, 

I -IS 

ForrkOdthi, 

l-8li 

1-75 

i-4t 

2-71 

Snlphnria  Auiil. 

7  01 

"■27 

U-68 

8-88 

CMorine, 

iw 

Silica.     .         . 

SH-ilJ 

19-71 

3-itO 

17-S8 

Carbonic  Acid, 

5-« 

2-17 

4-M 

11-01 

PhoHphoric  Acid, 

51-38 

U47 

17-58 

14-M 

Chloride  of  PoUssiuiu, 

5'45 

... 

*-34 

sodiuBi, 

a-ia 

012 

CtuTDoal  tmd  Loss, 

9896 

2-44 

09  DG 

W'flfl 

lOOiM 

AJi  pro  cent.  nl^Dt^Hop*. 

8-W 
7-27 

5-95 
5-22 

7-21 
a-22 

a-5 

over  at  235°C. ;  one^Ixth  diatila  over  between  125"  and  175"^., 
and  IB  of  ft  pale  colour  and  quite  clear;  about  half  passes  over 
betweea  175°C.  and  225°C.,  and  is  also  very  clear;  but  the  re- 
mainder U  yellow,  and  the  residue  in  the  retort  has  tlie  appear- 
ance of  a  brown  turpentine. 

The  crude  oil  is  brownish-yellow,  and  very  sparingly  soluble 
in  water,  one  part  requiring  more  than  COO  tUnes  its  weight  for 
complete  solution.  It  does  not  contain  sulphur,  as  pi'evioualy 
nsserted  by  Puyeu  and  Chevallier,  nor  does  it  reduce  ammoniacal 
solation  of  silver.  Oxidation  by  nitric  acid  produces  valerianic 
acid  and  a  yellow  acid  resin;  if  dropped  on  melted  caustic  potash, 
valerianate,  carbonate  of  potash,  and  a  hydrocarbon  are  the 
results.  The  oil  appears  to  be  neither  narcotic  nor  poisonous, 
twenty  drops  having  had  no  action  whatever  on  a  kitten  (W. 
Kei£)  ;  but  the  wonderful  preservative  properties  ascribed  to  it 
by  older  writei-s  are  very  problematical. 

A  few  other  bitter  principles,  some  of  which  have  actually 
Inen  found,  and  the  remainder  are  supposed  to  exist,  may  be 
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now  cimvemently  described.     (For  Picrotoxin  and  Colchicum  the 
reader  is  referred  to  the  second  portion  of  this  work.)* 

§  80.  Ahsynlhinf  C^HjgOgHO. — The  bitter  principle  of  worm- 
woody  Artemigia  ahsynthiwn.  It  may  be  extracted  from  the  hot 
aqueous  extract  of  wormwood  by  precipitation  with  tannic  acid, 
eraporating  the  tannate  to  dryness  with  oxide  of  lead,  and  extract- 
ing the  dried  residue  by  alcohol,  and  subsequent  purification 
with  animal  charcoal.  Absynthin  dissolves  easily  in  alcohol  and 
ether,  with  difficulty  in  hot  water,  and  is  scarcely  soluble  in  cold. 
When  obtained  from  alcoholic  solution  it  is  usually  in  the  form 
of  pale-yellow  drops,  which  gradually  become  crystalline ;  it  has 
a  peculiar  odour  and  extremely  bitter  taste,  and  its  reaction  is 
neutral.  It  reduces  a  hot  ammoniacal  solution  of  silver  nitrate, 
but  an  alkaline  tartrate  of  copper  solution  remains  unchanged 
by  it.  It  is  dissolved  by  caustic  potash  with  the  production  of 
a  brown  colour.  Concentrated  sulphuric  acid  produces  first  a 
brown  colour,  passing  into  a  green-blue ;  as  water  is  added,  the 
colour  becomes  darker,  until  grey  flocculent  particles  are  sepa- 
rated. Boiling  with  dilute  acids  produces  resinous  products, 
but  no  sugar. 

The  bitter  principle,  according  to  some  observers,  is  a  direct 
cerebral  excitant;  according  to  others,  a  pure  tonic.  It  is  used 
occasionally  in  medicine,  in  doses  from  ^  grain  to  2  grains,  and 
the  herb  producing  it  is  officinal  in  the  Continental  pharma- 
copeias, f 

§  81.  Ahin  —  C,gHj307  (Tilden),  Cj^HigO^  (Stenhouse)^ 
CjcHj^Oy  (E,  Schmidt) — may  be  obtained  by  treating  aloes  with 
dilute  sulphuric  acid,  removing  the  deposit  of  resin,  and  evapor- 
ating to  a  syrup.  The  crystals  thus  obtained  are  yellow  needles, 
soluble  in  water  and  alcohol,  and  possessing  a  bitter  taste.  The 
amount  of  crystallisation  water  varies  from  5*89  to  14*29  i>er 
cent.;  if  anhydrous,  the  melting  point  of  the  crystals  is  from  146° 
to  148**F.  [70°  to  80°C.];  if  hydrous,  sulphuric  acid  colours  it  first 
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red,  tlien  orangti,  ouil  it  is  dissolved  by  caustic  putosb  with  the 
jn-oiluctiou  of  a,  puvple-red  colovii-.  The  action  of  nitric  acid  pro- 
duces clifTBaiuiiiic,  picric,  and  oxalic  acids,  with  the  addition  of 
carbonic  anhydride;  that  of  zinc  dust,  mothylanthracene  and 
an  th  raq  uinone.  • 

§  82.  Cnicin,  CjoHjjO,,,  was  diacoverwl  by  Nativelle  in  the 
leaves  of  the  Cnicua  batedUlug ;  it  is  found  also  iii  the  Centavrea 
calcilrapa.  and  in  othev  composite  plants.  It  forms  transparent 
silky  ci-ystala,  neutrol,  without  smell,  of  very  bitter  taste,  melt- 
ing at  11  higli  temperature,  but  not  snbliming.  IIb  solution  turns 
the  plane  of  polarisation  to  the  right  [a]  r  =  laO"))**,  It  is  scarcely 
fiolnble  in  cold  vater,  better  in  boiling,  solnble  in  all  proportions 
in  alcohol  and  wood  spirit,  almost  insoluble  in  etiiei'.  Cold 
sulphuric  acid  gives  with  cnicin  a  red  solution,  becoming  violet 
on  the  liddition  of  water,  and  yellow  on  tho  addition  of  ammonia. 
Cold  concentrated  liydrochlorie  acid  dissolves  it  with  tho  produc- 
tion of  a  green  colour  ;  on  heating,  bi-owu  drops  separate,  which 
solidify  into  a  yoUow  resin.t 

§  83.  Daphnin,  Q^^Yi^O^^,  n  cfystdlline  priiiciplr  .liscovered  by 
Vauquelin,  1817,  in  tlie  bark  of  the  IJapline  alitiiia,  L.,  and  D. 
vitiereum,  L.  It  forms  long  rectangular  prisms,  oi'  fine  needles, 
and  crystalliaes  with  1  atoms  of  water.  Its  reaction  is  neutral, 
its  taste  bitter.  When  anliydrous  it  melts  at  about  200°C.  to  a 
colourless  flxiid,  which  again  becomes  crystalline  on  cooling;  if 
the  heat  is  continued,  it  sublimes  as  dajihnetin,  Cii,H„Oj.  This 
substance  pi'esents  itself  in  fine,  colourless,  rlionibiu  ]irisras,  melt- 
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ing  about  250*^0. ;  it  has  a  bitter  taste,  with  a  weak  acid  reaction, 
and  is  easily  soluble  in  boiling  water,  with  the  production  of  a 
yellow  colour;  it  dissolves  also  in  boiling  alcohol,  but  is  very 
little  soluble  in  ether. 

Daphnin  dissolves  slightly  in  cold  water,  easily  in  hot ;  it  is 
alfK>  very  soluble  in  hot  alcohol,  but  is  not  dissolved  at  all  by 
ether.  In  solutions  of  the  caustic  and  the  carbonated  alkalies  it 
dissolves  with  the  production  of  a  yellow  colour,  and  is  also  easily 
soluble  in  acetic  acid.  On  boiling  with  a  dilute  acid,  daphnin 
breaks  up  into  daphnetin  and  sugar,  and  emulsin  and  fermenta- 
tion with  yeast  have  a  similar  efifect.  An  aqueous  solution  of 
chloride  of  iron  produces,  when  cold,  a  blue  colour,  and  if  the 
liquid  is  boiled,  a  dark  yellow  precipitate.  Nitric  acid  colours 
itred.^ 

§  84.  Gentianin,  C^^H^QOg,  discovered  by  Henry  and  Caventou 
in  1821,  but  first  prepared  pure  by  Trommsdorff,  is  found,  like 
gentiopicrin,  in  the  root  of  the  Gentiana  liUea,  L.  It  forms  long, 
pale-yellow,  silky  needles,  without  smell  or  taste,  which  may  be 
sabluned  above  300°C.  without  decomposition.  Its  solubility, 
according  to  Leconte,  is  as  follows: — 1  part  requires  of  cold 
water  5000  parts,  of  boiling,  3850  parts ;  of  cold  absolute  alcohol 
455  parts,  of  boiling  62*5  parts ;  of  cold  ether  2000  parts,  for 
solution.  Concentrated  sulphuric  acid  dissolves  it  with  a  yellow 
colour ;  on  dilution  with  water  it  separates  unchanged ;  on  being 
boiled  with  dilute  sulphuric  acid  there  is  no  change.  If  treated 
with  pure  nitric  a<nd  (1  '43  specific  gravity),  a  dark-green  solution 
is  obtained,  and  on  adding  water  carefully  dinitro-gentianin, 
^14^3(^^2)2^5  "*■  ^2^'  separates  out  as  a  green  powder.  If 
similarly  treated  with  strong  nitric  acid,  and  subsequent  addition 
of  water  to  the  solution,  yellow  microscopical  prisms  are  sepa- 
rated, probably  trinitro-gentiamn.  Gentianin  reduces  nitrate  of 
silver.f 

§  85.  GevUiopicriih  ^20^2xfin>  ^^*  prepared  pure  by  Kromayer 
in  1862,  is  a  glucoside  found  in  the  fresh  root  of  the  Gentiana 
liUea,  It  crystallises  in  colourless  needles,  with  1  atom  of  water 
of  crystallisation.      The  crystals  effloresce  in  the  air,  and  lose 
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tlieir  tmnspiuviu-v.  b<'cniiiing  wljito  and  •■[laiiue.  The  anliydrouiJ 
cvystals  melt  bi^twcen  120'  nud  laS'C,  to  a  brown  fluid,  whicli 
coiigtilatea  amarpLouaij.  und  ut  higher  temperatures  is  fully 
destroyed.  Water  dissolves  it  easily,  but  it  is  insoluble  in 
nbsolnto  alcobol  and  in  etber,  thougb,  on  tlie  other  hand,  weak 
nlcoliol  is  an  excellent  solvent  for  it.  One  of  the  best  testa  fOT 
its  pi-esenco  i»  the  action  of  concentrated  siilpliunc  acid,  giving 
in  the  cold  a  colourless  solution,  but  producing  with  slight  warm- 
ing a  carmine-red  colour,  and  precipitating  on  the  addition  of 
water  in  grey  flocks.  It  reduces  on  ammoaiaoal  solution  of  silver 
nitrate,  and  on  boiling  with  dilute  aulphnric  a«id  splits  up  into 
sugar  and  geutiogeiiin. 

O'entioi/enin,  C',,H|yO-,,  is  an  amorphous,  yellow-brown  powder, 
of  neutral  reactiou  and  bitter  taste,  not  easily  soluble  in  cold 
water,  but  dissolving  readily  in  alcohol  and  ether.* 

g  86.  MotyanOiin.  Cmilj^O,,  a  glucoside  obtained  pure  by  Lud- 
wigand  Kroniayi.-r  in  iSiil,  iroTuiha  Menyantliu  trifaliatat,  L.  As 
bitlicrto  prepart'il.  nieriyantbin  is  an  amorphous,  terebinth inate 
masH,  becoming  slowly  solid  on  drying  over  sulphuric  acid,  it 
has  a,  neutral  reaetinn,  and  its  taste  ia  Htmngly  and  purely  bitt«r. 
It  softens  at  Gii°  to  (i,V,  und  melts  at  10'  to  15°  to  a  thin,  clear 
fluid,  which  again  solidifies  to  a  hard  transparent  mass;  by 
stronger  luxating  it  iA  entirely  destroyed.  Concentrated  sul- 
phuric acid  gives  with  it  a  yellow-brown  colour,  which  on  stami- 
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duction  of  colour;  and  on  dilution  with  water  it  is  apparently 
precipitated  without  change.* 

§  88.  The  Ash  of  Beer. — The  ash  of  beer  contains  the  mineral 
constituents  that  previously  existed  partly  in  the  water,  partly 
in  the  hop,  and  partly  in  the  malt  used.  It  would  appear  that 
the  ferric  oicide,  a  certain  proportion  of  phosphoric  acid,  a  small 
pK)rtion  of  the  lime  and  magnesia,  with  a  great  part  of  the  silica, 
remain  undissolvedy  and  do  not  pass  into  the  beer;  the  rest 
are  dissolved. 

The  following  table  gives  the  average  composition  of  the  beer 
ash  of  commerce  : — 

Beer  Ash. 

Potash, 37-22 

Soda, 8-04 

Lime,      .        .        .        .        .        .  193 

Magnesia, 5*51 

Iron  Oxide, traces. 

Sulphuric  Acid, 1*44 

Phosphoric  Acid, 3209 

Chlorine, 291 

Silica, 108i 

The  table  on  next  page  may  be  also  useful,  showing  analyses 
of  ash  by  Walz  and  Dickson  {Dictionary  of  Chemistry^  Arts, 
and  Manufactures y  edited  by  Vincent). 

§  89.  Analysis  of  Beer. — The  ordinary  full  analysis  of  beer 
determines^ — 

(1.)  The  alcohol. 

(2.)  The  carbonic  acid. 

(3.)  The  volatile  and  fixed  acids. 

(■I.)  The  percentage  of  malt  extract,  and,  if  necessary,  its  com- 
position. 

(5.)  The  hop  resin  and  glycerine. 

(6.)  The  nature  of  the  bitter  used. 

(7.)  The  general  composition  of  the  ash,  and  especially  its 
chlorides. 

(1.)  The  alcohol  is  found  most  accurately  by  the  distillation 
process  described  at  p.  120,  but  it  is  often  determined  in  the  fol- 
lowing manner : — Shake  up  the  beer  well  in  a  flask,  so  as  to 
deprive  it  of  as  much  carbonic  acid  as  possible,  then  take  the 
specific  gravity  at  15*5^0.,  and  boil  a  third  of  the  beer  away  in 
an  open  beaker.     To  make  up  the  boiled  beer  to  exactly  the 
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original  quantity  again,  take,  the  specific  gravity,  and  calculate 
as  described  at  p.  130. 

(2.)  Hie  carbonic  acid  which  the  beer  holds  dissolved  is  most 
readily  estimated  by  placing  100  cc.  (or  any  convenient  quantity) 
in  a  flask,  provided  with  a  caoutchouc  stopper,  carrying  a  tube 
twice  bent  at  right  angles,  which  is  connected  with  a  smaUer 
flask,  containing  strong  ammonia  water,  into  which  the  tube  dips. 
This  second  flask  must  also  carry  a  caoutchouc  stopper,  which 
should  be  doubly  perforated,  the  one  hole  for  the  tube  already 
mentioned,  the  other  provided  with  a  short,  wide  tube,  packed 
with  glass  wool  moistened  with  ammonia  water.  The  beer  must 
first  be  gently  warmed  and  ultimately  boiled,  when  the  whole  of 
the  carbonic  acid  is  absorbed  by  the  ammonia.  A  sufficient 
quantity  of  a  solution  of  calcium  chloride  is  now  added,  the 
liquid  boiled  until  all  free  ammonia  is  expelled,  and  the  calcium 
carbonate  thrown  on  a  filter  and  washed.  Lastly,  the  washed 
calcium  carbonate  is  dissolved  in  either  standard  or  decinormal 
acid,  according  to  the  quantity,  a  little  cochineal  solution  is 
added,  and  the  acid  titrated  back.  2  cc.  of  decinormal  acid  equal 
10  mgrms.  of  carbonate  of  lime,  or  4*4  mgrms.  of  COj.  This 
simple  process  is  applicable  to  all  liquids  from  which  carbonic 
anhydride  can  be  expelled  by  boiling. 

(3.)  Vclatile  and  Fixed  Adda. — The  acetic  acid  is  obtained  by 
distilling  the  beer  to  dryness,  and  estimating  the  acidity  of  the 
filtrate  by  decinormal  solution  of  soda.  Should  the  residue  in 
the  flask  or  retort  be  still  acid,  a  little  water  should  be  added, 
and  the  distillation  again  continued  to  dryness;  any  acid  now 
remaining  is  certain  to  be  a  fixed  acid,  probably  lactic.  It  may 
be  estimated  by  titration,  and  returned  as  lactic.  The  equiva- 
lent of  dry  lactic  acid  is  90;  hence  1  cc.  of  d.  n.  soda  =:  9 
xngrms.  of  lactic  acid.  Should  it  be  specially  necessary  to  deter- 
mine the  percentage  of  lactic  acid,  a  sufficient  quantity  of  beer- 
say  300  oa — is  taken,  evaporated  to  a  small  bulk,  diluted  with 
a  little  water,  filtered,  and  mixed  with  a  little  sulphuric 
acid;  pure  carbonate  of  baryta  is  now  added,  and  the  whole 
warmed  on  the  water-bath  for  some  time.  The  liquid  is  then 
freed  from  the  precipitate  of  sulphate  of  baryta  by  filtration,  and 
the  precipitate  well  washed  with  hot  water.  This  filtrate  is 
evaporated  to  a  syrup,  and  treated,  when  cold,  in  a  tube  or 
separating-funnel  with  a  mixture  of  one  part  of  sulphuric  acid,  one 
of  water,  one  of  alcohol,  and  ten  of  ether ;  the  ethereal  layer  is 
separated  in  the  usual  way,  and  evaporated.  The  lactic  acid 
thus  obtained  is  still  impure,  and  it  is  best  to  dissolve  in 
water,  saturate  with  freshly-precipitated  carbonate  of  zinc,  and 
estimate  as  zinc  lactate,  the  latter  containing  54*49  per  cent,  of 
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nuliydi-oufl  luetic  Mid.  In  most  cases,  however,  the  en-or  will 
iKit  be  gi-eftt,  if  the  total  acidity  of  the  beer  is  taken  ilireotly 
without  (listilltLtion,  and  i-oturaed  as  ocetio  add. 

(4.)  T/ie  Malt  £jiract.— The  eiti-act  of  beer  cuu  be  det«nnio<>(I 
by  evaporating  down  a  cai'efuUy  mensured  quantity,  and  weigh- 
ing the  dry  residue.  In  oiiler  to  do  this  with  any  approach  to 
accuracy,  tlio  smallest  possible  quantity  should  bo  tajcen — 5  cc. 
or  5  gnuG.  is  quite  sufficient.  This  small  quantity,  spread  out 
as  a  thin  film  on  the  bottom  of  a  tolerably  capacious  platinunt 
diah,  can  be  thoraiighly  dried  over  the  water-bath  in  two  or 
three  hours,  while  if  such  quuotitiea  iia  25  cc,  50  co.,  or  JOO  cc. 
ai-e  taken,  to  get  the  extract  completely  di-y  is  %-ery  tedions, 
and  usually  requires  a  higher  temjwrature  than  100''C.  It  is, 
however,  found  in  practice  much  more  convenient  to  diajtenae 
with  thifi  drying  altogether,  the  alcohol  and  carbonic  acid  being 
driven  off,  as  before  described,  the  beer  made  up  to  itti  first  bulk, 
the  specific  gravity  taken,  and  the  amount  of  malt  extract 
determined  by  the  aid  of  the  following  tables.  If  the  beer  has 
been  distilled,  the  residue  in  the  retort  or  fiask  can  be  mode  ii|> 
to  the  original  bulk,  brought  to  the  proper  temperature,  and 
treated  as  just  described. 

The  alcoholic  strength,  the  acetic  acid,  and  the  amount  of 
malt  exti'act  being  known,  the  aualyst  can  now  give  a  fairly 
approximate  estimate  of  the  amount  of  malt  originally  used  in 
the  brewing  of  the  beer.  To  do  this  it  is  necessary  to  calcu- 
late the  "original  gi-avity"  of  the  beer.  The  specific  gi-avity 
of  the  alcoholic  distillate  (or,  if  an  indirect  process  iias  been 
used,  the  specific  gravity  of  the  alcoholic  strength)  subtracted 
from  1000,  gives  a  number  called  the  "  spirit  indication."  Tlu- 
degrees  of  gravity  lost  are  then  asceitained  by  the  aid  of  the 
following  tables,  using  the  first  if  the  beer  has  been  distilled, 
and  the  second  if  the  evaporating  process  has  been  used.  Tlie 
degrees  of  gravity  thus  found  are  added  to  the  specific  graWty 
of  the  boiled  beer,  and  the  number  thus  obtained  is  called  "the 
original  gravity  of  the  wort."  CJn  refei-ence  to  Table  I.,  the 
amount  of  malt  extract  is  determined,  which  corresponds  to  this 
original  gravity. 
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Table  I. — Specific  Gravity  a 


»  Stres-qth  ov  Malt  Extract. 


SpecUte 

Uilt 

ap«iao 

H>i> 

Kpsrilli: 

1I»U 

SpncUn 

V»1t 

1  Gr.rtO. 

EiUiitl. 

(imrtw. 

E.ln«i. 

ElUMl. 

""'"'■ 

Eimwl. 

1,0000 

0,000 

1,0047 

1,175 

l,00!t4 

1,» 

1,0141 

3,525 

,  1,0001 

OSS 

4S 

200 

05 

375 

142 

550 

1     2 

OoO 

49 

225 

% 

400 

143 

575 

3 

075 

1,0050 

250 

07 

425 

144 

GOO 

4 

100 

01 

275 

98 

450 

145 

(?25 

5 

125 

52 

300 

99 

475 

146 

(>50 

II 

150 

325 

1,0100 

500 

147 

675 

7 

175 

54 

350 

101 

525 

148 

700 

8 

200 

55 

375 

102 

550 

149 

725 

9 

225 

56 

400 

103 

575 

1,01.W 

750 

1,0010 

250 

57 

425 

104 

60U 

151 

773 

II 

275 

58 

450 

105 

625 

152 

800 

300 

59 

475 

lOG 

G.W 

153 

825 

13 

325 

1,0000 

500 

107 

675 

154 

850 

H 

350 

61 

525 

108 

700 

155 

875 

15 

375 

62 

550 

loa 

725 

156 

000 

16 

400 

63 

575 

1,0110 

750 

157 

025 

17 

425 

600 

111 

775 

158 

053 

IS 

450 

C5 

025 

112 

800 

I5i) 

970 

19 

475 

Git 

660 

113 

825 

1,01(10 

4,000 

1,0020 

600 

67 

675 

11* 

850 

161 

025 

21 

525 

68 

700 

115 

875 

102 

050 

22 

550 

69 

725 

IHi 

!I00 

163 

07S 

23 

575 

1,0070 

750 

925 

1G4 

100 

24 

fiOO 

775 

IIS 

950 

165 

123 

23 

625 

800 

119 

975 

160 

150 

26 

C50 

73 

825 

1,0120 

3.000 

167 

175 

27 

675 

74 

850 

121 

025 

168 

200 

2S 

700 

875 

llTiO 

169 

225 

29 

725 

76 

flOO 

123 

075 

1,0170 

250 

1,0030 

750 

925 

134 

100 

171 

275 

31 

773 

78 

950 

125 

125 

172 

300 

32 

HOO 

70 

975 

120 

150 

173 

32S 

33 

S25 

1,0080 

2,000 

127 

175 

174 

350 

34 

860 

81 

02.'. 

128 

200 

175 

373 

875 

82 

050 

129 

225 

170 

400 

3« 

900 

83 

075 

1,0130 

250 

177 

423 

37 

925 

84 

100 

131 

275 

178 

450 

38 

950 

85 

125 

132 

:«» 

179 

475 

975 

86 

150 

133 

325 

1,0180 

600 

1,0040 

1,000 

87 

175 

134 

350 

181 

41 

«23 

200 

135 

375 

182 

550 

42 

050 

S9 

225 

136 

400 

183 

575 

43 

075 

1,0090 

250 

137 

425 

184 

600 

44 

100 

91 

276 

138 

450 

185 

025 

4S 

125 

92 

300 

139 

475 

186 

6W 

48 

130 

03 

325 

i,0140 

COO 

187 

675 
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B8fc 


»n^. 

^^. 

Ki 

EilnM. 
^875 

1,0262 

JoM. 

asss 

J££t 

I.OISS 

4,700 

1,0235 

7,024 

i,09e» 

8,K0 

ISO 

725 

236 

900 

283 

048 

1.0330 

196 

1,0190 

730 

237 

9Sfl 

2S4 

073 

Ml 

219 

191 

775 

238 

950 

285 

m 

332 

244 

l!t2 

800 

239 

973 

asn 

122 

3S3 

200 

193 

S25 

1,0240 

6,000 

S«7 

146 

3S4 

392 

194 

850 

241 

024 

288 

170 

3» 

SU 

193 

87r> 

242 

048 

289 

195 

SH 

196 

mo 

243 

073 

1,0290 

219 

117 

8 

197 

925 

244 

097 

2BI 

244 

m 

108 

1>50 

S4fi 

122 

392 

2G8 

S30 

199 

B7fi 

246 

146 

293 

292 

1,0340 

1,0200 

5.000 

347 

170 

S»4 

316 

34i 

463 

201 

025 

348 

19G 

899 

Ml 

342 

4SS 

202 

050 

219 

219 

S96 

365 

343 

512 

203 

075 

1,0260 

244 

297 

389 

344 

536 

204 

100 

251 

268 

29S 

413 

345 

560 

SOQ 

125 

252 

21)2 

299 

438 

346 

584 

S06 

150 

253 

:{i6 

1,0300 

463 

347 

609 

207 

175 

354 

341 

301 

488 

348 

633 

208 

200 

255 

365 

302 

512 

349 

637 

209 

225 

25C 

3S0 

:«K1 

536 

1,0350 

681 

1,0210 

250 

257 

413 

d(H 

560 

351 

706 

211 

275 

258 

438 

305 

584 

352 

731 

212 

300 

269 

403 

306 

C09 

1        353 

T56 

213 

XIT, 

1,0260 

488 

307 

6:)3 

3.i4 

780 

214 

.■S50 

261 

612 

308 

657 

355 

SOi 

215 

375 

■.>62 

536 

309 

681 

350 

sss 

216 

400 

263 

660 

1,0310 

70C 

357 

853 

217 

425 

264 

584 

311 

731 

368 

877 

218 

450 

265 

609 

312 

756 

359 

901 

219 

475 

266 

633 

313 

780 

1,0360 

92S 

1,0220 

500 

267 

657 

314 

804 

361 

950 

221 

525 

268 

681 

315 

362 

975 

222 

650 

269 

706 

316 

863 

363 

9,000 

223 

575 

1,0270 

731 

317 

877 

3C4 

'024 

224 

600 

756 

318 

901 

365 

048 

22S 

625 

272 

780 

319 

925 

366 

073 

226 

650 

273 

804 

l,0;i20 

950 

367 

097 

227 

675 

274 

828 

321 

975 

368 

122 

228 

700 

275 

853 

322 

8,000 

S69 

146 

229 

725 

276 

877 

323 

024 

1,0370 

170 

1,0230 

750 

277 

901 

324 

D46 

371 

195 

231 

775 

278 

925 

325 

073 

372 

219 

232 

600 

279 

950 

326 

097 

373 

2« 

233 

826 

1,0280 

975 

327 

122 

374 

288 

254 

860 

2S1 

7,000 

328 

146 

373 

292 
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£^ 

MjJt 

S5S?. 

HaJI 
10,452 

SpscKlo 
1,0470 

lljill 

Hill 

1,0376 

9^IC 

1,0123 

11,571 

1,0517 

12,690 

377 

341 

424 

476 

471 

505 

518 

714 

378 

365 

425 

500 

472 

619 

519 

738 

371* 

3SB 

420 

52:( 

473 

iM2 

1,0520 
621 

761 

1,0380 

413 

427 

547 

474 

666 

785 

381 

438 

423 

571 

475 

690 

622 

809 

463 

429 

595 

476 

714 

633 

4S8 

1,0*30 

619 

477 

738 

524 

857 

3M 

012 

431 

642 

478 

701 

881 

385 

536 

432 

066 

471! 

785 

526 

004 

560 

433 

690 

1.0480 

800 

537 

928 

387 

584 

434 

714 

481 

833 

528 

952 

388 

(M)9 

4;i5 

738 

482 

8.''i7 

529 

U76 

SStl 

633 

436 

7lil 

4&') 

881 

1,0530 

13,000 

1,0390 

■     657 

437 

785 

484 

iKM 

531 

023 

391 

681 

438 

809 

485 

928 

532 

047 

392 

706 

439 

833 

486 

953 

633 

07! 

393 

731 

1,0440 

857 

487 

98(> 

534 

095 

391 

756 

441 

881 

488 

12,000 

535 

IIU 

393 

780 

442 

•Mi 

489 

m 

536 

142 

396 

804 

443 

928 

1,0490 

W7 

537 

166 

397 

444 

9,>2 

491 

071 

538 

190 

398 

853 

446 

976 

4i)2 

(KI5 

539 

214 

399 

877 

446 

11,000 

493 

119 

1,0540 

238 

1/HOD 

901 

447 

023 

142 

541 

261 

401 

925 

448 

047 

495 

160 

542 

285 

402 

950 

449 

071 

496 

190 

543 

30S 

403 

975 

1,0460 

095 

497 

214 

544 

333 

404 

10,000 

451 

119 

498 

238 

545 

357 

4oe 

023 

452 

142 

499 

261 

540 

381 

406 

W7 

463 

166 

1,0500 

285 

547 

405 

407 

071 

454 

190 

601 

309 

548 

428 

408 

095 

463 

214 

502 

:m 

649 

452 

409 

119 

456 

238 

503 

357 

1.0550 

476 

1,0410 

142 

457 

261 

504 

381 

551 

500 

411 

166 

45S 

285 

505 

404 

552 

523 

412 

190 

459 

309 

nmi 

428 

553 

547 

413 

214 

1,0460 

333 

607 

452 

.554 

571 

414 

238 

461 

a'i7 

508 

476 

665 

595 

413 

261 

462 

381 

509 

600 

556 

610 

416 

285 

4C3 

404 

1,0510 

633 

557 

642 

417 

309 

404 

428 

511 

547 

558 

666 

418 

333 

465 

452 

512 

571 

559 

690 

419 

357 

466 

470 

513 

595 

1,^560 

714 

1,0420 

381 

407 

500 

514 

619 

601 

738 

421 

404 

4(iS 

52;) 

r.i5 

642 

502 

701 

423 

428 

469 

&47 

516 

503 

785 
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Spednn 

Uilt 

SiMlBc 

MnU 

SpwiDc 

^. 

Bpaoiac 

XM 

enruL 

I.OOM 

EMfKl. 

1,05C4 

13,809 

14,761 

1,0643 

15.674 

1,0682 

16.581 

StiTj 

m 

G05 

785 

044 

697 

683 

604 

sttc 

857 

60G 

809 

045 

6S4 

627 

607 

SGI 

f>07 

S33 

040 

744 

(S8o 

650 

5li8 

904 

(108 

857 

647 

767 

680 

674 

560 

928 

609 

831 

048 

790 

687 

697 

J, 0570 

i),--2 

1,0610 

904 

049 

814 

721 

571 

970 

611 

928 

l.OOaO 

837 

089 

744 

572 

14.000 

(i!2 

952 

051 

800 

1,0090 

767 

573 

023 

[>I3 

078 

052 

883 

691 

790 

574 

047 

<*.14 

15,000 

053 

907 

092 

814 

575 

071 

015 

023 

054 

930 

693 

837 

576 

093 

CIG 

OlS 

065 

953 

694 

seo 

577 

lie 

617 

070 

650 

970 

095 

SS3 

678 

143 

618 

093 

057 

16,000 

OOQ 

907 

57fl 

166 

619 

ll(> 

058 

023 

697 

930 

],05S0 

190 

1,0620 

139 

059 

046 

09S 

953 

581 

214 

02 1 

162 

1,0600 

070 

099 

976 

582 

238 

622 

186 

GCl 

093 

1,0700 

17,000 

583 

2GI 

623 

209 

002 

110 

701 

022 

584 

285 

624 

232 

003 

J  39 

702 

045 

585 

3011 

(125 

255 

IH>4 

102 

703 

007 

G8G 

333 

626 

278 

665 

180 

704 

090 

587 

357 

627 

302 

600 

209 

705 

113 

688 

381 

628 

326 

667 

232 

706 

130 

589 

4M 

629 

M8 

608 

255 

707 

158 

1,0590 

428 

1,0630 

371 

278 

708 

181 

501 

452 

IkU 

335 

1.0670 

302 

7oa 

204 

692 

476 

ICfi 

418 

671 

325 

1,0710 

227 

693 

500 

1133 

441 

672 

348 

250 

594 

52;i 

634 

464 

673 

371 

272 

595 

547 

035 

488 

674 

:}95 

713 

295 

590 

571 

036 

511 

075 

418 

714 

318 

697 

695 

G37 

534 

076 

441 

715 

340 

60S 

819 

638 

657 

077 

404 

710 

363 

609 

642 

639 

581 

078 

488 

717 

1,0600 

6W! 

1,0640 

604 

679 

611 

718 

409 

601 

690 

641 

627 

1,0680 

634 

719 

431 

602 

714 

042 

650 

081 

557 

1,0730 

17,454 

603 

738 
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r.VA:u. 


From  tiie  malt  extract  the  amount  of  malt  used  is  calculate 
32*0  of  malt  equalling  21*0  of  extract ;  or,  instead  of  referri: 
to  the  malt  extract  tables,  1000  may  be  subtracted  from  t 
original  gravity,  and  the  remainder  multiplied  by  -  0025,  whi 
will  equal  the  total  amount  of  malt  extract  per  gallon  in  poun 
weight. 


Examples. 
(1.)  An  ordinary  Mild  Ale. 

Specific  gravity  of  alcoholic  distillate    = 


1000-0 
993-6 


Spirit  indication,  G*4 

This  spirit  indication  on  reference  to  Table  II.,  equals  26*0. 


Gravity  of  boiled  beer 
Add, 


Original  gi-avity, 


1014-2 
26-0 

1-040-2 


Now,  in  reference  to  Table  I.,  1*0402  correspond  to  9-950  par 
of  extract  in  100,  or  -9950  lbs.  per  gallon. 


Or,  if  from  the  original  gravity 
Be  subtracted 


And  the  number  obtained 
Be  multiplied  by 
The  product  equals 


10402 
1-000 

402 
•0025 
1-005 


which  does  not  materially  differ  from  the  amount  obtained  froi 
the  tables. 

(2.)  A  beer,  by  the  evaporation  process,  indicated  9-7  per  cen 
of  alcohoL  On  reference  to  the  specific  gravity  tables  (p.  125 
the  specific  gravity  corresponding  to  this  strength  is  -9896. 

1000-0 
989-6 


This, 


Spirit  indication  -     10-4 

rding  to  Table  III.,  corresponds  to  471. 

The  gravity  of  the  boiled  beer  was  1016-2 

Add 471 


Original  gravity 


1063-3 
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cotTcspnniling,  according  to  the  tables,  to  1-^441  Ibn.  of  ntftlt 
extract  to  tbe  gallon.  The  amount  of  malt  used  in  the  tw 
exauiplofi  ia  found  thus — 

(I.)      -9901    X    330         ,  rno  (1.       r       i*  -     .i  ii 

'     '    Ti-;; ~   1-508  lbs,  of  mnlt  to  the  gaJloii. 


'-'   '_-7.'.^  ..^'--"  =.  2-302G  lbB.ofma!ttothegnllon. 

If  the  hcor  should  h3i-t<  a.  soiuowhnt  lar^c  jiroportioii  of  acetu* 
acid  [as  in  old  and  hard  beei-s),  it  will  be  uecoasiiry  to  tak<;  into 
account  the  loss  of  gravity  by  acetic  acid.  This  coini>Iieates  the 
calculation,  and  in  only  occasioaally  required. 

The  loss  of  gravity  by  acetic  acid  ig  obtained  by  the  uao  of 
the  following  table  (aee  Table  IV).  Let  lis  suppose  HG  per  cent 
of  acetic  acid  to  have  been  found  in  Example,  1 ;  from  this  sub- 
tract "10  per  cent.,  the  amount  which  may  he  taken  an  incidental 
to  henlthy  fermentation,  and  allowed  for  in  tlie  tiible.     Thus. 

Total  acetic  acid  present,   ....         -36 
Deduct 10 

Acetic  acid  to  be  taken,  account  of,     .         .         '36 
This  -20,  according  to  the  table,  equals  -34,  the  number  to  be 
added  to  tlie  spirit  indication. 


Total  spirit  indication,     .         .         C-74 

Tlie  rest  of  the  calculation  is  as  before. 

It  may  be  desirable  to  examine  the  malt  extract  further,  and 
specially  with  a  view  to  ascertaining  whether  grape  sugar  has 
been  used  in  place  of  malt,  or  not.  This  may  he  done,  according 
to  Haarstick,  by  taking  advantage  of  the  fact  that  most,  perhaps 
all,  of  the  gra]>e  sugars  of  commerce  contain  B6cbamp's  amylin, 
a.  substance  of  great  rotatory  power,  and  one,  moreover,  not 
destroyed  by  fermentation. 

The  samples  of  beer  were  examined  by  Haarstick  as  follows : — 
I  litre  of  beer  was  evaporated  to  a  eyrup,  to  which  alcohol  of 
90  per  cent,  was  added,  drop  by  drop,  from  a  burette  witli  con- 
stant agitation,  until  a  volume  of  about  300  cc.  had  been  used. 
The  separation  of  dextrine  was  completed  with  9R  per  cent, 
alcohol,  until  the  filtrate  did  not  show  the  least  turbidity  when 
~*2ed  with  an  equal  bulk  of  95  per  cent,  alcoliol.     Tbe  mixture 
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•was  tlien  left  at  rest  for  twelve  liours,  filtered,  and  the  greater 
part  of  the  alcohol  distilled  ofl'.  The  remrunder  iraa  evaporated  to 
dryness  on  a  water-bath,  the  aolid  portion  dissolved  in  distilled 
water,  and  the  solution  diluted  to  a  litre,  and  fermented  with  yeast 
fit  20°  tintil  all  the  sugar  had  been  deNtroycd.  The  fermentation 
was  completed  on  the  fourth  dny,  and  the  result  of  the  process 
was,  that  beers  prepared  without  grape  sugar  gave  a  yolution  of 
no  rotatory  power,  while  those  prepared  with  grape  sugar  turned 
the  plane  of  polarisation  20"  to  3'i''  to  the  right,  as  observed 
in  Hoppo's  scale. 

(5.)  The  Hop  Rmnaiul  Glycerine. — Grieasmayer*  estimatea  the 
!iop  resin  and  glycerine  by  concentrating  the  beer  to  one-tldrd  of 
its  bulk,  and  shaking  it  up  with  petroleum  ether;  this,  on  separa- 
tion and  evaporation,  leaves  tLe  hop  resin.  The  liquid  now 
freed  from  hop  constituents  is  made  alkaline  by  baryta  water, 
or,  better,  by  barium  alcoholate,  and  shaken  up  several  times 
with  a  mixture  of  two  parts  of  alcohol  and  three  of  ether;  tho 
latter,  on  being  separated  and  evaporated  in  the  usual  way,  leaves 
the  glycerine. 

(6.)  The  Nature  of  the  Bitter  M««i.— This  is  the  most  difficult 
part  of  the  investigation,  and  requires  a  very  considerable  amount 
of  practical  knowledge.  In  most  cases  it  is  sufBcient  to  use 
some  of  the  special  processes  hereafter  described,  and  restrict  the 
inquiry  to  proving  the  absence  of  picric  a«id,  of  picrotoxin,  and 
of  any  other  specially  noxious  substance  which  may  bo  auapeoted. 
Should,  however,  the  analyst  desire  to  examine  the  beer  gene- 
rally for  various  organic  principles,  the  elaborate  process  worked 
out  by  Dragendorff  (see  Index)  is  decidedly  the  best.  About 
600  to  1000  ec.  of  the  beer  are  evaporated  to  a  syrupy  consist- 
ence, and  sufficient  strong  alcohol  is  added  to  precipitate  the 
dextrine.  The  whole  is  filtered,  and  after  standing  some  hours, 
the  filtrate  acidulated  with  sulphuric  acid,  and  shaken  up  suc- 
cessively with  petroleum  ether,  benzine,  chloroform,  and  (if 
salicin  be  songht)  amylic  alcohol. 

Or,  the  beer  may  be  precipitated  with  acetate  of  lead,  filtered, 
the  excess  of  lead  thrown  out  by  sulphuric  acid,  and  treated 
with  the  solvents  as  described.  If  inquiry  be  made  as  to  the 
nature  of  the  residue  left  by  these  different  solvents  in  beer 
simply  made  from  hops  and  matt,  it  appears  that — 

(1.)  The  petrofewm  eiAer  extracts — 

(a.)  An  amorphous,  slightly  bitter  substance,  soluble  in  ether 
and  alcohol,  and  partially  soluble  in  water;  this  is  derived  from 
both  hops  and  malt ; 

■  DeaL  ChtM.  Qa.  Ber.,  xi.  292,  393. 
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(6.)  A  substance  precipitable  by  basic  acetate  of  lead ;  and  one 

(c.)  Becoming  red  by  Frohde*s  reagent;  both  derived  from  the 
hop. 

{d.)  A  substance  derived  from  the  hop  alone,  becoming  red 
with  sulphuric  acid  and  sugar. 

(2.)  Benzine  extracts  the  same  substances,  and  in  addition — 

(e.)  A  substance  derived  from  the  hop,  which  precipitates 
tannin; 

(/,)  A  substance  derived  from  the  malt,  becoming  dark -brown 
on  the  addition  of  sulphuric  acid. 

(3.)  Cldcyroform  extracts  (a.),  (6.),  and  (c),  and  also  (/),  a  sub- 
stance partly  precipitated  by  potassium  iodide  and  phosphomo- 
lybdic  acid; 

(^.)  A  substance  reducing  ammoniacal  solution  of  silver 
nitrate; 

(A.)  A  substance  crystallisable  from  ether.  All  of  these  are 
derived  from  the  malt. 

The  normal  reactions  of  the  substances  being  known,  the  fol- 
lowing scheme  will  be  found  useful,  always  bearing  in  mind  that 
few  chemists,  should  they  obtain  any  of  the  reactions  mentioned, 
would  conclude  from  this  alone  that  the  substance  is  actually 
present.  The  reaction  would  be  considered  as  an  indiccUion  only 
to  he  eupplemented  by  other  evidence.  Unless  this  is  remembered 
and  acted  upon,  the  most  unfortunate  errors  may  be  committed 
by  the  inexperienced.  The  beer  is  most  conveniently  shaken  up 
with  the  solvent  in  the  flask  figured  p.  74;  the  ether  and 
benzine  will  float  at  the  top,  the  chloroform  will  gravitate  to  the 
bottom;  in  either  case  separation  is  tolerably  easy.  It  will, 
however,  be  found  a  good  plan,  in  the  first  place,  to  separate  the 
liquids  rather  roughly — t.e.,  to  draw  ofi"  the  ether,  benzine,  and 
chloroform  layers,  with  some  of  the  adjacent  liquid,  to  wash  this 
in  the  same  flask  with  water,  to  withdraw  the  solvent  from  the  water 
as  completely  as  possible  by  the  separating  flask,  and  if  this  (as 
sometimes  happens)  is  not  very  feasible,  to  evaporate  the  impure 
liquid  to  diyness  in  a  water-bath,  and  exhaust  the  residue  with 
the  original  solvent.  The  latter  may  be,  in  the  first  place,  con- 
centrated over  hot  water,  and  then  portions  distributed  between 
two  or  three  watch-glasses,  and  evaporated  to  dryness. 


I.    THE   ACID    SOLUTION. 

Petroleum  Kesidue. 

(a.)  It  is  amorphous,  colours  sulphuric  acid  first  brown,  then 
violet,  and  finally  red  violet.  Traces  of  Absynthin. 
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(6.)  It  IB  Bmorphous,  colourleaa,  having  a  hot  taate,  retldening 
the  skill,  aad  colouring  siilphuric  acid  bTOwnisli-red. 

Tracet  of  Capsievn. 
(c.)  It  is  amorphous,  green,  is  coloured  by  sulphuric  add  anil 
sugar,  and  givea  no  precipitate  with  aramoniucftl  silver  solution. 
Re»in  of  ifie  Jvnijier  berriea. 
id.)  It  ia  crystalline,  yellow,  and  becomes  blood-red  on  wann- 
ing with  cyanide  of  potash-  Picric  acid. 

Beszine  Rests ue. 

A. — Crystalline  residue. 
It  IB  not  bitter,  caustic  potash  colours  it  pnrple-red,  sulphurie  J 
acid  first  red,  then  orange.  Aloetin. 

B. — Amorphous  residue. 
a. — The  rendiU  lotvble  in  water ;  does  not  irovbU  or  reduce  gold 
ekionde  solution  in  Ike  cold. 

(a.)  Tannin  does  not  precipitate  the  solution  in  water 
residue  sharp  tasting. 

1.  Sulphuric  acid  colours  it  red  brown.  Capsidn, 

2.  Sulphuric  acid  colours  it  brown.         Daphne  bilUr. 
(J.)  Tannin  precipitates  the  solution  in  water,  the  residue 

somewhat  bitter. 

I.  Basic  lead  acetate  causes  a  weak  turbidity,  sulphuric 
acid  and  sugar  scarcely  redden. 

1.  Iron  chloride  colours  the  watery  solution,  on  warm- 
ing, brownish -green;  taste  slightly  bitter. 

Gentian  hitler. 

2,  Iron  chloride  colours  the  watery  solution  brown; 
taste  peculiar,  almost  unsupportably  bitter. 

Qwugiin. 
IT.  Basic  lead  acetate  strongly  precipitates,  sulphuric 
add  and  sugar  colour  it  gradually  a  beautiful  cherry-red  ; 
taste  bitterish.  Cnicin, 

b. — The  residue  soluble  in  water ;  does  not  trouble  solution  of  gold 
chloride  in  the  cold,  but  reduces  it  on  warTninff. 

{a.)  Tannin  causes  a  faint  turbidity  in  the  watery  solution, 
ammoniacal  silver  solution  is  not  reduced.  Heat«d  with 
diluted  sulphuric  acid,  an  ericiuol  smell  is  developed. 
Frohde'a  reagent  colours  it  black-brown,  sulphuric  acid 
and  sugar  beautiful  red.  Ledum  bitter. 

(5.)  Tannin   precipitates  the  watery  solution,  ammoniacal 
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solution  of  silver  is  reduced.     Heated  with  diluted  sul- 
phuric acid;  a  weak  smell  of  menyanthol  is  developed. 

Trtfolium  hitter, 
c. — The  residue  soluble  in  water,  precipitates  in  the  cold  chloride 
of  gddf   hut  does  not  reduce  it  upon   warming.      Heated  with 
diluted  sulphuric  acid  (1  of  acid  to  5  of  water),  it  gives  a  weak 
benzoic  acid  smell.  Centaurea  hitter, 

d. — The  residue  solvhle  in  toaier,  precipitates  in  the  cold 
chloride  of  gold,  which  it  reduces  upon  warming.  Sulphuric 
acid  dissolves  it  first  brown,  then  gradually  violet,  after  the 
addition  of  water  quickly  a  beautiful  violet.  Hydrochloric  acid 
of  1*135  specific  gravity  colours  it  first  green,  then  a  beautiful 
blue.  Ahsynthin. 

Chloroform  Besidue. 

A. — Chloride  of  gold  does  not  precipitate,  and  is  not  reduced. 
Ow — Tannin  gives  no  precipitate,  the  residue  has  a  pungent 
tafite.     Sulphuric  acid  colours  it  dark-brown  red,  it  reddens  the 
skin.  .  Capsidn. 

h. — Tannin  precipitates. 

(a.)  Basic  lead  acetate  gives  a  decided  precipitate.  Heated 
with  diluted  sulphuric  acid  it  is  first  troubled,  then  it 
becomes  brown-red,  and  develops  a  weak  smell  of  benzoic 
acid.  Cnidn. 

(h,)  Basic  acetate  of  lead  gives  little  or  no  precipitate. 

I.  Sulphuric  acid  colours  hrown, 

1.  Besidue  bitter. 

aa.  Strongly  bitter.  Quassiin, . 

hh,  Besidue  somewhat  bitter.  Gentian  hitter. 

2.  Besidue  tasting  pungent.  Daphne  hitter, 

II.  Sulphuric  acid  colours  hut  slightly  yellow,  or  not  at 
all.  Colocynth  hitter, 

B. — Chloride  of  gold  does  not  precipitate  in  the  cold,  but  is 
reduced  in  the  warm. 

a. — Tannin  does  not  precipitate. 

1.  Intoxicates  fish,  tastes  bitter.  Picrotoxin, 

2.  Is  tasteless  or  slightly  bitter,  caustic  potash  colours  it 
red-brown.  Constituent  of  Aloes. 

h. — ^Tannin  precipitates. 

(a.)  Ammonia  solution  of  silver  is  reduced.  Heated  with 
dilute  sulphuric  acid,  as  well  as  with  Frbhde's  reagent, 
there  is  a  strong  smell  of  menyauthol.  Menyanthin. 

(6.)  Ammoniacal  solution  of  silver  is  not  reduced.  "With 
concentrated  sulphuric  acid  and  sugar,  after  long  standing, 
a  splendid  carmine  red  develops;  heated  ^\t\i  d!)i\i\.<&^ 
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sulphuric  acid,  as  well  fta  with  Friibde's  reagent,  au  in- 
tense ericolin  araell  is  developed.  Bricolin. 
C. — Chloride  of  gold   precipitates  in    the   cold,  and   is   not 
reduced  by  the  application  of  heat.     Ifitric  acid  colours  violet. 
Cokhicine. 
Heated  with  Btilphuric  acid,  an  odotir  somewhat  like  trifotiiim 
is  developed,  then  the    solutiou  becomes   red-brown,  and  the 
Bmell  similar  to  benzoic  acid.                               Cenlaurea  bttUr. 

D.— Chloride  of  gold  precipitatfs  in  the  cold  and  rediieea  in 
the  warm.  Sulphuric  acid  colours  brown,  then  the  solution 
becomes  gradually  dirty  violet.  ]Votmii>ood  hitler. 

If  necessary  to  go  farther,  search  may  be  made  for  the  alka- 
loids by  rendering  the  liquid  weakly  alkaline  by  carbonate  of 
Boda  or  by  ammonvti.  I 

II.  THE  ALKAIDTE  SOLimON'.  I 

I.    ItBSlPUE  OBTAINED   BT  SHAKING   UP   WITH   BeNZINE. 

(1.)  It  dilates  the  pupil  of  a  cat. 

(a.)  Platin   chloride  does   not    precipitate    the   aqueous 
solution.     A  solution  in  sulphuric  acid  gives  on  warm- 
ing a  peculiar  smell.  Atropine. 
((.)  Platin  chloride  precipitates.                      Hyoaef/amin. 
(2.)  It  does  not  dilate  the  pupil. 

(a.)  The   sulphuric    acid    solution    gives   with    oxide   of 
cerium  or  bichromate  of  potash  a  blue  colour. 

StrydtniiK. 
(b.)  The  Bulphuric  acid  solution  gives  a  red  colour  with 
nitric  acid  solution.  Brucin. 

II.  Residue  obtained  from  siiakikg  it  up  with  Amtlic 
Alcohol. — (This  need  only  bo  done  if  saliciu  be  suspected.)  On 
warming  with  sulphuric  acid  and  bichromate  of  potash,  a  smell 
of  salicylic  acid  is  developed.  Saliein. 

A  very  good  process,  only  aiming  at  the  identification  of  a 
few  principles,  is  recommended  by  Enders  ;  it  is  as  follows  : — 

The  beer  is  evaporated  to  a  syrup,  the  dextrine  separated  by 
mixing  it  nith  three  or  four  times  its  volume  of  alcohol,  the 
liquid  filtered,  and  the  sugar  precipitated  by  ethei*.  The  filtered 
ether-alcohol  solution  is  evaporated,  the  residue  dissolved  in 
alcohol,  mixed  with  water,  and  precijiitated  by  means  of  acetate 
of  lead.  The  precijfiitate  is  filtered,  the  filtrate  put  on  one  side. 
The  washed  precipitate  is  then  separated  from  lead  by  SHj,  the 
lead  sulphide  filtered  and  washed  with  alcohol,  and  the  filtrate 
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(as  well  as  the  alcohol  washing  of  lead  sulphide)  evaporated 
together.  The  residue  is  dissolved  in  chloroform,  and  the  solu- 
tion warmed  with  water  until  all  the  chloroform  is  driven  o£ 
The  hop  biUer,  which  remains  insoluble,  is  filtered  off,  and  the 
filtrate  evaporated  to  dryness.  The  lupulin  in  it  should  taste 
bitter  and  have  an  acid  reaction;  it  is  soluble  in  alcohol,  ether, 
and  chloroform;  is  not  precipitated  when  in  solution  in  weak 
spirit  by  tannic  acid,  but  is  precipitated  by  acetate  of  lead. 
Ammoniacal  solution  of  silver  is  not  reduced  by  it.  The  filtrate 
of  the  first  lead  precipitate  is  freed  from  lead  by  SHg,  the  lead 
sulphide  filtered  off  and  washed  with  hot  water,  the  excess  of 
SH2  driven  off  by  warming,  and  then  tannin  added  to  the  filtrate. 
If  no  precipitate  occurs,  absynthin,  quassiin,  and  menyanthin  are 
absent.  Any  precipitate  is  filtered,  dried  with  carbonate  of 
le«id,  boiled  with  alcohol,  evaporated,  and,  lastly,  treated  with 
ether.  The  latter  agent  dissolves  absynthin,  which  is  also 
soluble  in  alcohol,  and  in  much  hot  water;  from  the  latter  solu- 
tion it  is  precipitated  by  tannic  acid,  but  not  by  lead  acetate;  it 
is  soluble  in  sulphuric  acid,  and  on  careful  addition  of  water  to 
this  solution  a  violet-blue  colour  is  produced.  Absynthin  reduces 
an  ammoniacal  solution  of  silver.  Ether  leaves  menyanthin  and 
quassiin  undissolved.  Both  are  soluble  in  alcohol,  and  the  latter 
behaves  towards  tannic  acid  and  acetate  of  lead  like  absynthin. 
Menyanthin  reduces  ammoniacal  solution  of  silver,  quassiin  does 
not. 

Rcrotoxin*  may  be  specially  tested  for  by  some  one  of  the 
following  processes  : — 

JIerapath*8  Process. — Mix  the  beer  with  acetate  of  lead  in 
excess ;  filter,  and  transmit  sulphuretted  hydrogen  through  the 
filtrate.  Filter  again,  concentrate  the  filtrate,  and  treat  it 
with  animal  charcoal,  which  has  the  property  of  absorbing  the 
picrotoxin.  Wash  the  animal  charcoal,  dry  at  212°F.,  and  boil 
with  alcohol ;  this  dissolves  out  the  picrotoxin,  from  which  it 
may  be  obtained  in  tufbs  of  crystals. 

Depaire^s  Process, — Mix  with  1  litre  of  beer  finely  powdered 
rock  salt  (which  throws  down  the  resinous  and  extractive 
matters),  and  shake  the  liquid  with  ether ;  an  impure  picrotoxin 
crystallines  on  separating  the  ether  and  evaporating  it :  or  the 
beier  may  be  simply  acidulated  with  hydrochloric  acid  and  agitated 
with  ether,  the  ether  separated  and  evaporated  as  before. 

Schmidts  Process. — 1.  Evaporate  the  beer  in  a  water-bath  to  a 
syrupy  consistence,  mix  it  with  tepid  water  till  it  is  perfectly 
liquid,  so  as  to  bring  the  volume  to  a  third  of  the  liquid  used ;  heat 

*  Picrotoxin  is  folly  described  in  the  second  portion  of  this  work.     (See 
Imdex. 
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and  shake  with  animal  oliarcoal.  Let  it  atand  several  hours,  filter, 
and  lieat  aliglitly  ;  precipitate  by  basic  acetate  of  lead,  and  again 
filter.  The  liquid  should  now  be  of  a  yellow  wine-colour ;  if  not, 
re-tilter  through  animal  charcoal.  Add  from  6  to  10  cubic  centi- 
metres  of  amylic  alcohol,  and  shake  brtakly  several  times  at 
intervals  ;  after  twenty-four  hours  the  amylic  alcohol,  oontuning 
ihe  greater  part  of  the  picrotoxin,  collects  on  the  surface.  The 
reoiainder  is  BubBerjuentlj  eliminated  by  fresh  treatment  with, 
amylic  alcohol.  Collect  the  limpid  layers  of  this  alcohol,  and 
leave  the  rest  to  evaporate  spontaneously.  On  the  aides  of  the 
capsule  a  yellowish  ring  forms,  and  this  contaiiia  the  picrotoxin 
mixed  with  resinous  substances. 

3.  halation  of  the  Pitroloxin. — First,  dissolve  the  resinous 
product  in  weak  alcohol,  evaporate  to  dryness,  recover  by  a  Uttia 
boiling  water  containing  a  small  quantity  of  H^SO^,  boil  to  expat 
any  volatile  matter,  add  a  little  unimtU  black  to  eliminate  all 
extractive  and  resinous  matter,  and,  lastly,  filter.  Evaporate 
inodorous  liquid,  and  when  a  fresh  bitter  taste  is  developed, 
shake  up  with  ether  ;  thia  redissolves  the  pirrotoxin.  .ind  ei>nects 
into  a  distinct  layer  oil.  the  surface  ^f  iIji'  linnid.  Tri.'iit  iij^-ain 
frith  ether,  and  the  whole  of  the  picrotoxin  is  eliminated  -  finally, 
the  ethereal  liquids  are  mixed,  a  little  alcohol  is  added,'Eiud 
the  whole  is  evaporated.  The  white  or  yellowish  ring  formed 
consists  of  picrotoxin,  which  then  has  only  to  be  dissolved  in 
alcohol  to  furnish  the  immediate  principle  in  the  form  of  well- 
defined  crystals.  These  crystals,  however,  will  not  be  obtained 
unless  the  solution  be  quite  free  from  resinous  substances ;  if 
not  free,  and  if,  for  instance,  the  ethereal  solution'  ia  of  a  yellow 
colour,  it  must  be  recovered  with  water  and  treated  by  charcoal, 
as  above  described. 

Schmidt  was  able  to  detect  by  this  process  0-01  of  picrotoxin 
in  a  bottle  of  beer  which  had  been  adulterated  with  eight  giuns 
of  Indian  berry.* 

Dragendorff  has  modified  the  method  of  Schmidt,  by  adding 
an  excess  of  acetate  of  lead,  precipitating  this  by  SH^,  and  with 
the  lead  sulphide  getting  rid  of  some  colouring  matter.  The 
sulphide  of  lead  may  bo  washed  and  dried,  and  then  boiled 
with  ether,  to  recover  any  picrotoxin  which  has  gone  down 
with  it. 

By  the  following  process  the  auimal  charcoal  may  be  dispensed 
with  altogether  : — The  beer  is  first  evaporated  to  a  syrup,  then 
4  to  5  vols,  of  alcohol  of  90  to  94  per  cent,  are  added.  After 
maoeration  for  twenty-four  hours  at  a  low  temperature,  the 
alcoholic  extract  is  evaporated,  the  residue  acidified  with  diluted 
■  U.  Sohmidt,  Chen.  Newt,  Msreh  12,  1SS4,  p.  1Z2. 
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SO^Hj,  and  treated  several  times  with  amyl  alcohol  or  chloro- 
form; but  previously  to  this  the  fluid  should  be  shaken  up 
several  times  "with  benzine,  which  does  not  remove  any  picro- 
toxin.    The  rest  of  the  process  is  similar  to  that  of  Schmidt. 

§  90.  Special  Testa  for  Picric  Acid. — If  picric  acid  alone  should 
be  sought  for,  the  quickest  way  is  to  agitate  the  beer  in  the 
separating  flask,  described  p.  74,  with  half  its  volume  of  amyHc 
alcohol.  On  separating  and  evaporating  the  alcohol,  if  picric 
acid  be  present  a  yellow  residue  will  be  left,  and  can  be  identified 
by  the  action  of  potassic  cyanide,  as  described  below.  It  will 
not  be  worth  while  testing  specially  for  picric  acid  if  the  beer,  on 
being  treated  with  subacetate  of  lead,  loses  nearly  all  its  bitter 
taste ;  but  if,  on  the  contrary,  it  continues  bitter,  picric  acid,  or 
some  other  bitter  not  precipitable  by  acetate  of  lead,  is  present. 

Another  test  frequently  proposed  for  picric  acid  is  to  soak 
some  pure  wool  in  the  beer,  first  gently  warmed  over  the  water- 
bath  and  acidulated  with  HCl,  when  the  picric  acid  will  stain 
the  wool  yellow.  The  wool  thus  stained  may  next  be  warmed 
with  aqueous  ammonia,  the  liquid  filtered,  concentrated  to  a 
small  bulk,  and  a  few  drops  of  a  solution  of  potassic  cyanide 
added,  when,  if  picric  acid  be  present,  a  red  colour  (potassium 
isopurpurate)  will  be  produced.  Picric  acid  may  be  also  recog- 
nised, if  present,  by  spectroscopic  examination  :  the  dried  extract 
is  exhausted  either  by  amyl  alcohol  or  ether,  and  the  solution 
examined,  comparing  any  spectrum  obtained  with  that  given  by 
a  solution  of  the  acid. 

$  91.  Salicylic  Acidia  used  occasionally  in  brewing.  If  the  beer, 
concentrated  to  a  small  bulk,  is  acidified  with  hydrochloric  acid 
and  shaken  up  with  ether,  the  latter  solvent  will  extract  the 
organic  acid,  and  it  may  be  identified  by  the  colour  it  gives 
with  ferric  chloride,  and  by  its  physical  properties. 

§  92.  (7.)  The  Ash. — The  analysis  of  the  ash  of  beer  differs  in  no 
degree  from  an  analysis  of  ash  in  general,  and  is  carried  out  in 
the  principles  detailed,  pp.  4-7.  The  substances  to  which  the 
analyst's  attention  is  specially  directed  are — the  amount  of  salt. 
the  presence  or  absence  of  iron  (often  added  in  the  form  of 
sulphate  to  porter),  alum,  and  lead.*  Of  these  the  only  one 
necessary  to  allude  to  further  here  is  the  salt. 

The  salt  in  beer  is  determined  with  sufficient  accuracy  by 
charring  in  a  platinum  dish  the  extract  from  70  cc.  of  beer  (it  is 
not  well  to  burn  to  a  complete  ash,  for  in  so  doing  there  is 
always  a  considerable  loss  of  chlorides).  The  charred  mass  is 
boiled  up  with  successive  portions  of  distilled  water,  filtered,  and 

*  Many  finns  now  use  large  copper  coolers,  but  no  injarioas  amoant  of 
copper  appears  to  have  been  as  yet  detected  in  beers. 
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the  filtrate  made  up  to  a  known  bulk,  from  wliioh  a  convenient 
fractional  portion  is  taken,  and  titrated  with  a  solution  of  nitrats^ 
of  silver  (4-7i)  grraa.  to  the  litre),  1  cc  =  l  mgrm.  of  chlorin^ 
using  as  an  indicator  neutral  chromate  of  potusb.  The  chtorins 
found  is  calculated  and  expressed  aa  common  salt,  every  mgrm. 
of  salt,  when  70  cc.  are  taken,  being  equivalent  to  I  grain  in 
the  gallon.  Mr.  Oriifiu's  convenient  measure,  the  septem  or  oq» 
hundredth  of  a  gallon,  may,  of  course,  be  used,  and  gniijis  instead' 
of  grammes — each  grain  measure  of  nitrate  of  silver  being  made 
to  correspond  to  one-tenth  of  a  grain  of  common  salt  per  galli 
8ho»id  the  amount  thus  found  indicate  more  than  50  or 
grains  per  gallon,  a  second  determination  of  chlorine  should  b», 
madfi  by  the  more  accurate  gra,^■imet^ic  method  of  weighiii^ 
the  chlorine  as  chloride  of  silver.  It  may  even  be  advisable  to 
make  a  qualitative  and  quantitative  examination  of  the  solnUa' 
portion  of  the  ash  ;  for,  if  called  as  a  witness,  the  analyst  must 
he  prcjiai'ed  to  state  positively  the  amount  of  chloride  of  lodiumi!' 
nor  can  he  well  do  this  simply  fi-om  the  soluble  chlorine,  for 
that  may  repivscnt  other  ehloricies  bfsiiies  Kodium.  The  writer 
has  as  yet  seen  no  reason  to  change  the  limit  usually  fixed  of  60 
grains  of  salt  per  gall on^auy thing  over  should  be  returned  as 
adulterated. 

The  amount  of  salt  derived  from  the  hops  and  malt  can 
approximatively  be  determined,  as  Mr.  Gatehouse  haa  shown, — * 
Arst,  for  the  malt :  by  taking  the  original  gravity,  as  before 
described  (p.l57),  obtaining  thence  the  quantity  of  malt  originally 
used  in  the  beer,  and  reckoning  the  malt  to  contain  '025  per 
cent,  of  salt  (and  certainly  no  malt  will  be  found  to  exceed 
this).  Then,  for  the  hops  :  the  possible  maximum  of  salt  in 
hops  is  '345  per  cent.  The  quantity  used  in  brewing  being 
seldom,  if  ever,  more  than  20  lbs.  per  quarter  of  malt  for  bitter 
beer,  and  generally  less  than  half  this  amount  for  strong  beer, 
and  this  weight  of  malt  giving  at  least  72  gallons,  the  salt 
derived  from  the  hops  cannot  ia  bitter  beer  exceed  C-7  grains, 
and  in  strong  beer  3-35  grains  per  gallon. 

Thus,  to  take  the  first  example  (p.  157),  the  original  gravity  of 
which  was  1'0402,  corresponding  by  the  tables  to  9'950  lbs.  of 
malt  extract  per  gallon.  Since  320  of  malt  equal  210  of  extract, 
and  there  arc  7000  grains  in  the  pound — 

9-950  x32:)x  '025x7000 


=1 2'65  grains  of  salt  per  gallon  as  the  possible  maximum  from 
'TheAmoniitofSaltiaBeer.    AttalDil, 'So.  20,  1877. 
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the  malt,  the  heer  in  question  not  being  a  bitter  beer.  Add  to 

this  3 '35  as  possible  maximum  amount  of  salt  from  the  hops — 

2 '65  from  malt, 
3 '35  from  hops. 


6*00  salt  possible  from  both  malt  and  hops. 

Now,  if  the  composition  of  the  water  used  in  brewing  bo 
known,  one-third  more  than  the  actual  quantity  of  salt  in  the 
water  present  may  be  added  to  the  number  representing  the  salt 
from  the  hops  and  malt,  and  the  data  are  then  complete  for  the 
analyst  to  form  his  judgment.  The  amount  of  salt  in  the  wa,ter 
naed  will,  however,  only  occasionally  be  known. 

The  numbers  used  in  the  above  calculations  being  constants, 
the  process  is  shortened  by  simply  deducting  1000  from  the 
original  gravity,  and  multiplying  by  '066  the  result,  giving  the 
salt  in  grains  per  gallon.  Thus,  taking  an  example  from  Mr. 
Gatehouse's  excellent  paper  : — * 

Per  c*»nt. 

Beer  found  to  contain  alcohol, 5*2 

Malt  extract, 7*38 

Specific  gravity  of  alcohol  equals  '9911 ;  the  spirit 
indication  therefore  equals  8*9,  giving  an 

original  gravity, 38*5 

Gravity  of  boiled  beer,    .        .        .        .        1030.6 

Original  gravity  of  wort,  1069 '2 

Salt  dne  to  malt  alone         .        .  69*2x066=    4*567 

Salt  due  to  hops, 3*350 

Salt  due  to  water,  unknown. 

Possible  total  due  to  malt  and  hops,     .        .        .        .7*917 

The  amount  of  salt  actually  found  being  8*55 

It  has  been  suggested  that  the  concrete  sugar  f  so  largely  and 
legitimately  used  by  brewers,  sometimes  contains  a  considerable 

•  Op.  cU. 

t  It  is  possible  for  arsenic  to  be  found  in  beers  manufactured  from  glucose, 
for  in  certain  kinds  of  the  latter  arsenic  is  occasionally  discovered,  the  sub- 
stance probably  having  been  introduced  by  the  use  of  an  arsenical  sulphuric 
acid  in  the  process  of  manufacture.  The  darker  in  colour  the  glucose,  the 
more  likely  is  it  to  be  arsenical ;  thus,  M.  Ritter  found— 

Qnn. 
In  White  Glucose,  0*0105  arsenic  per  kilogramme. 

„   Yellow    „  00170        „ 

„  Black     „  0*1094 

Clonet,  in  the  examination  of  a  very  large  number  of  arsenical  glucoses,. 
fi>and  as  a  mioimum  00025  grm.,  as  a  maximum  0*0070  grm.,  and  as  a 
0*0051  grm.,  metalUc  arsenic  per  kilogranmie.     (T.  Clouet,  Du  glucose 
Arm.  d^IJygUne  Publique,  xlix.,  Jan.,  1878.) 
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;  of  chlorides.  If  samples  are  found,  occasionally,  with 
more  tiiaii  a  trace  of  chloride,  it  is  because  the  sugar  itself  has 
been  prepared  for  tbe  brewers ;  nor  can  there  be  any  difference 
whether  the  brewer  adds  the  salt  as  salt,  or  first  mixes  it  with 
sugar.  However,  analytical  proof  of  sufficient  chlorides  natwrtdly 
present  in  concrete  sugar,  to  raise  the  salt  in  beer  made  from 
ordinary  materials  to  over  50  grains  per  gallon,  is  wanting  ;  and 
all  tlie  evidence  in  its  favour  has  been  derived  from  loose  stato- 
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IV.— WINE. 

§  93.  ConstUuerUs  of  Wine, — Wine  is  the  fermented  juice  of  the 
grape,  with  such  additions  only  as  are  essential  to  the  stability, 
or  keeping  of  the  liquid  (Dupre),  The  principal  constituents  of 
wine  are  enumerated  in  the  table  on  pp.  172,  173.*  The 
remaining  constituents  are  glycerine,  formic,  succinic,  malic, 
propionic,  and  other  organic  acids,  compound  ethers,  one  or 
more  colouring  matters,  traces  of  tannin,  albuminous  substances, 
and  so-called  extractives. 

§  94.  Adulterations  of  Wine. — The  adulterations  of  wine 
l>oaght  at  a  fair  price  from  respectable  firms  do  not  appear 
numerous ;  but,  on  the  other  hand,  low-priced  wines  (especially 
such  as  are  retailed  to  the  poor,  and  are  supplied  to  workhouses) 
are  often  of  extremely  bad  quality,  and  sometimes  entirely  ficti- 
tioas.f  Thus,  Ports  are  fortified  with  brandy,  coloured  by 
Tanous  ingredients,  plastered  with  gypsum  and  mixed  with 
inferior  wines ;  salt  of  tartar  and  oenanthic  ether  are  often  added 
to  give  an  appearance  of  age,  alum  to  increase  the  brilliancy  of 
hue;  and  occasionally  (as  an  impurity,  or  as  an  unintentional 
adulterant)  lead  and  other  metals  are  detected.  Sherries,  again, 
are  plastei^  and  fortified  to  a  considerable  extent,  and  Clarets, 
Madeira,  and  Champagnes  are  all  subject  to  somewhat  similar 
sophistications. 

§  95.  Ancdysia  of  Wine. — A  complete  analysis  of  wine  embraces 
the  following: — 

1.  Determination  of  alcohol. 
'    2.  Percentage  of  solid  residue. 

3.  Estimation  of  succinic  acid  and  glycerine. 

4.  „  volatile  and  fixed  acids. 

5.  „  ethers. 

6.  „  sugar. 

7.  „  albuminous  matters  and  ammonia. 

8.  „  tannin. 

9.  Examination  of  the  colouring  matters. 
10.  Estimation  and  analysis  of  ash. 

•  Drawn  up  by  Dr.  Dupr^.    Proceedings  of  Society  of  Public  Analysts^ 
i,  1876,  p.  77. 

f  Dr.  A.  Cameron  has  found  in  Port  wine  supplied  to  Irish  workhouses 
12  per  cent,  of  sohd  residue,  one-half  of  which  was  composed  of  grape  sugar. 
Aooording  to  Maumend,  the  Russian  military  pharmacopeia  contains  the 
fdlowing  receipt  for  making  a  Port  wine  :— Cider,  3  kilogrms.  ;  kino,  '008 
Idlogrm. ;  Old  Hock,  with  cider,  3  kilogrms. ;  brandy,  1  kilogrm.;  nitric 
ether,  akoholifled,  -008. 
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Weight 

1.V   GllAlIMES  OF   SOUE  OF  THK 
VOLDMES)  OF  THE  1 

Punlcoliir*  of  Wlaei  nniljsed. 

I 

i 

1 

1 

1 

1 

P 

Dot. 
Uock,  white,       30s. 

1362 

0Q3-43 

95-0 

3-46 

0-37 

4-M 

40b. 

lS5!r 

093  48 

92-0 

4-20 

114 

S'«2 

13t«. 

1857 

902 '81 

104-4 

4-31 

0-93 

5-37 

Claret,         .         3.ia. 

1SG5 

99,1 -.-.S 

85-3 

424 

1-47 

6-08 

.         483. 

1S65 

995-03 

120-0 

4-24 

1-74 

0-41 

:    „              .        CUs. 

ISfll 

094-73 

85-3 

3  23 

1-80 

5-4S 

Hungarian,  red,  Sis. 

,.. 

992-07 

113-6 

3-56 

2-49 

G-6S 

„      white,  Ml. 

... 

892  88 

95-4 

5-33 

1-47 

7  16 

..      42b. 

933-09 

94-9 

4-74 

1-80 

6-99 

Greek  wine,,,      20a. 

9D4'50 

107-2 

3-41 

3-00 

7-10 

SSs. 

092-25 

124-5 

4-54 

1-68 

6-64 

„     „      SGa. 

993-17 

138-9 

2-33 

1-77 

4-H 

Sberry,                 22b. 

1865 

994-00 

172-0 

2-70 

1-53 

4-61 

high  price,    isao 

097-93 

178-1 

3-08 

I'GS 

5 -IS 

1357 

998-30 

184-0 

2 -81 

1-62 

4-84 

Maacira,E.r.,      GOa. 

993-94 

177-5 

3 -26 

1-68 

5  36 

hislipric 

B,     1S12 

994-1.') 

180-0 

4-20 

3-27 

8-25 

Port,          .        323, 

18M 

IO04-7G 

185-6 

3-08 

0-84 

4  13 

high  [irici 

,     18o4 

097-42 

175-3 

3-54 

1-07 

4-88 

1S12 

080-05 

182-6 

2-6C 

1-08 

4-01 

Mursda,       .          ICb. 

old 

996-65 

1671 

1-88 

111 

3-36 

20b, 

..^.u 

990 -Ofi 

168-0 

2-25 

1-38 

3-98 

CossTiTuaraa  op  1  Lithe  (1000  cc  os  1000 
hentiomed  Wines  (DuPBfe). 


1 
S 
l_ 

i 

1 
1 

-1 

i 

i 

=  ^ 

I 

r 

jl 

|i 

II 

m 
11 

i 

1113 

1-95 

0-58 

0-7G 

000 

0-32 

0132 

0-230 

0-3G2 

0-360 

100-5 

18-S5 

0-12 

1-70 

0-07 

078 

0-85 

0-31) 

0-199 

0-239 

0-438 

0-458 

05-7 

»« 

1-12 

i-46 

014 

0'4G 

0-85 

0-33 

02-25 

0-239 

0-464 

0-493 

94  ■3 

21-40 

4-31 

203 

0-66 

005 

0-48 

0-33 

0-155 

0-197 

0-352 

0-476 

74 -0 

84-33 

2-04 

2-25 

0-OG 

1-05 

0-55 

0-80 

0-13G 

0-248 

0-430 

0-381 

74-0 

I8W 

0-95 

2-O0 

0-33 

0-09 

0-63 

0-30 

O-lGti 

0-21(i 

0-382 

0-420 

86-8 

3l>-85 

1-47 

1-85 

0-41 

0-91 

0-J3 

0-35 

0-151 

0-358 

0-509 

O-GBC 

-7-6 

18-20 

0-61 

1-75 

0-14 

0-Sl  1  0-80 

0-25 

018G 

0-271 

0-457 

0-G13 

74-5 

1813 

0-24 

1-S8 

0-12 

0-90 

0-85 

0-25 

0-162 

0-273 

0-435 

0-596 

73-0 

35-30 

S-00 

2-25 

0-07 

1-18 

1-00 

0-23 

0-224 

0-214 

0-438 

0-6i)0 

03-6 

24-42 

1-12 

3-05 

0-41 

2  01 

0-62 

0-23 

0-384 

0179 

0-563 

0-707 

79-6 

35-50 

3'84 

375 

0-21 

2-49 

105 

0-45 

0-24.5 

1-207 

0-453 

0-530 

85! 

42«. 

25-65 

4-50 

0-07 

3-G3 

0-80 

0-18 

0-206 

0-21G 

0-422 

0-G30 

6G-i 

«.« 

S9  70 

5-50 

0-18 

4-41 

0-95 

0'25 

0-290 

0-391 

0-681 

0-740 

90-8 

66-44 

3510 

5-13 

0-07 

418 

0-88 

013 

0-262 

0-4G9 

0-731 

0-722 

101-2 

4S-47 

20-ao 

3-90 

0-27 

2-.i2 

1  10    0-42 

0-305 

0-382 

0-687 

0-774 

887 

4541 

lS-29 

3-59 

0-17 

1-03 

■  « 

0-50 

0-460 

0-773 

1-233 

r207 

102-1 

B-57 

43-31 

2-48 

0-48 

1-34 

0-65 

0-35 

0-302 

0128 

0-430 

0-G20 

G9-4 

««, 

!22-84 

2-58 

0-66 

1-37 

0-55 

0-33 

0-351 

0-220 

0-371 

0-697 

84-9 

31  «1 

lO'lO 

2-10 

0-69 

0-86 

0-45 

0-33 

0-283 

0331 

0-GI4 

0-595 

103-2 

«S3 

32-40 

2-25 

0-21 

1-54 

0-50 

0-18 

0-256 

0-183 

0-445 

0-44" 

99-3 

"■" 

37-60 

8-13 

0-S6 

1-92 

0-65 

0-23 

0-333 

0216 

0-549 

0-550 

99-8 
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1.  Alcohol. — Wines,  iu  regard  to  tbeir  alcoholic  content,  may 
bo  ilivideil  into  two  classes — \iz.,  natural  wines,  the  etreagtfa  of 
ivliich  liaa  not  been  increased  by  the  addition  of  spirit ;  and 
/'urtified  vnjKS,  Bneb  as  those  of  Spain  and  Portugal,  ■wliich 
absolutely  require  the  addition  of  a  certain  amount  of  spirit  to 
preserve  them.  Natural  wines  contain  aa  a  minimum  G  per 
cent.,  and  an  a  maximum  a  little  over  12  per  cent.,  of  Oibsolute 
alcohol  by  weight.  The  percentage  of  alcohol  in  fortified  wiiieB 
depends,  of  couisc,  entirely  on  the  operator ;  it  appears  to  range 
usually  from  12  toj22  })er  cent,  by  weight.  The  alcohol  is  re- 
turned an  ethylic,  but  there  are  always  traces  of  the  higher 
homoiogoua  alcohols-— e.j.,  propj-lic,  butylic,  and  amytic.  If  the 
analyst  desire  to  t'slimate  the  difl'erent  proportions  of  those,  a 
large  quantity  of  wine  must  be  diBtilled,  the  dicbillate  re-distilled 
in  tractions,  Jind  ultimately  oxidised  into  the  correH]>oudiiig  acids, 
the  latter  being  more  easily  separated  than  the  alcohols.  The 
method  of  determining  t!ie  alcohol  in  wine  difl'ers  in  no  essential 
fcaturit  from  the  processes  described  at  p.  129. 

2,  The  ii'alid  liemtlve. — The  dry  extract  from  ptire  natiind 
-wines  is  from  1  '5  to  3  per  cent,  j  the  presence  of  sugar  in 
fortified  wines  may  raise  tho  extract  to  6'8  or  10  jier  cent.  The 
solid  residue  may  bo  taken  by  simply  evaporating  10  cc  to 
drjness,  wiiich  can  be  done  rapidly,  wilhout  any  decomposition 
of  llio  solids,  hy  using  a  large   Hat  iilatinum   dish,  and  thu» 
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RONENTHALER,  1859  (£15  Ohin). 

Per  cent. 

Specific  gravity  of  de-alcoholised  wine,  .  .  .  1008*01 
Peroenti^e  of  suear  (see  table,  p.  151),  .  .  .  2*041 
Percental  of  a£  found,  0*170 

Total  solid  constituents,  .        .        .        .        1*871 

To  find  total  solids  minus  ash,  subtract  again   .        .        0*170 

Total  solid  constituents,  ....        1  *701 

Shbrry,  18C5. 

Specificgravity  of  de-alooholised  wine,'     .        .        .1017*56 
Percentage  of  sugar  from  specific  gravity  (see  table, 

p.  161), 4*467 

Percentage  of  ash  found, 0*515 

3*952 
Subtract  ash, 0*515 

Total  solids  constituents,        ....        3*437 

The  extract  and  amount  of  alcohol  being  known,  it  is  in  cer- 
tain instances  possible  to  detect  the  watering  of  wine  ;  although 
sach  a  diagnosis  can  only  be  made  when  the  analyst  is  inti- 
mately acquainted  with  the  kind  of  wine  under  examination^ 
and  in  some  cases  with  the  characters  of  the  particular  vintage. 
The  Bordeaux  wines,  according  to  Girardin  and  Pressier,  give 
ahnoBt  always  the  same  amount  of  extract,  varying  only  within 
the  limits  of  20  to  20*8  grms.  the  litre ;  and  the  proportion  of 
alcohol  also  is  fairly  constant,  viz.,  from  '005  to  *0 15,  the  mean 
being  "OlO  per  litre.  From  these  data  they  calculated  the 
amount  of  genuine  wine  present  in  any  samples.  Thus,  suppos- 
ing the  extract  in  a  Bordeaux  wine  to  be  14*5,  then 

1000x14*5  ^ornA 

—2^3:5— =:r,  or  725*00 

i.e.9  the  litre  contains  725  cc.  of  wine,  the  rest  being  alcohol  and 
water.  To  know  the  quantity  of  alcohol  added,  it  is  necessary  to 
ascertain  how  much  the  72*5  parts  of  wine  contain  of  absolute 
sloohol : — 

100  :  10  : :  72*50  :  x 
a;  =7*25. 

If  the  absolute  alcohol  is  found,  for  example,  to  be  0*11,  iVv^xx, 


ThB, 

ectn 
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subtractinz  725  &om  II,  it  is  Buppost^d  tliat  3'75  of  alcoUo]  Ii 
been  ndcled. 

That  tliU  process,  as  applied  to  the  Bordeaux  wines,  is  in  the  ] 
main  correct,  is  supported  by   the   fact   that  the  Bouen  wiu^  ] 
merchants  have  frequently  paid  duty  on  the  excess  of  alcohol,  &a., 
which  Girardin  and  Preasier  found  in  their  wines." 

3.  Bgtimatiim  of  Saeeinie  Acid  and  Gli/eerine. — Haifa  litre  to%' 
litre  of  wine  is  decolorised  with  aniinal  charcoul,  filtered,  unil^ 
the  charcoal  well  washed  with  water;  the  filtrate  and  washiogy 
are  then  evaporated  down  in  the  water-bath,  and  the  drying' 
fjiisJied  in.  a  vacuum.  The  residue,  when  dry,  is  treated  with  %'• 
mixture  of  one  part  of  strong  alcohol  and  2i  parts  of  rectified' 
«ther.  The  latter  is  driven  off'  by  floating  the  dish  in  wanni 
water,  and  the  whole  evaporated  again  on  a  water-bath.  Tho 
residue  is  now  neutralised  with  lime-water,  which  combines  wi" 
the  succinic  acid,  and  forms  succinate  of  oalcinm.  The  glycerij 
is  dissolved  out  by  alcohol  and  ether,  and  weighed  either  lii^ect^L 
or  by  loss.  The  succinate  of  calcium  remaining  behind  is  impurft^ 
and  should  be  well  washed  with  spirit  before  weighing.  Every 
100  parts  of  calcic  sucoiuato  equals  75'C4  of  succinic  acio 
(HjCjHjOJ  ;  and  since  Pasteur  has  shown  that  112-8  parts  of 
grape  sugar  (107  of  cane)  yield  about  3'6  of  glycerine  and  0-6 
parts  of  succinic  acid,  it  follows  that  in  a  natural  wine  the 
glycerine  would  amount  to  about  one -fourteenth  part  of  the 
alcohol  present.  It  is  also  evident  that  a  careful  determination 
of  the  glycerine  in  a  uaturai  wine,  and  its  proportion  to  the 
alcohol  present,  combined  witli  the  ]iercentago  of  dry  extract, 
will  greatly  help  to  solve  the  question  as  to  whether  water  has, 
or  has  not,  been  added. 

4.  Aadt  m  ll'tne. — All  wines  possess  an  acid  reaction,  dae 
to  acids  wliich  are  conveniently  divided  into  volatile  and  Jixtd. 
The  volatile  acid  of  sound  wine,  according  to  Fasteor,  never 
exceeds  2  to  3  decigrras.  per  litre;  in  wines  a  little  deteriorated 
much  higher  values  may  be  found.  Dr.  Dupre  puts  the  amoost 
of  volatile  acid,  expressed  in  terms  of  acetic  acid,  as  0'3  to  O'i 
per  cent,  by  weight  in  volume.  About  one-fourth  of  the  total 
acidity  in  white  natural  wines  should  be  due  to  volatile  acids, 
and  in  red  and  fortified  wines  the  volatile  should  not  amount  to 
more  than  about  oue-third  of  the  total  acidity.  The  non-volatild 
acids  appear  to  be  chiefly  malic  and  tartaric  (sometimes  part  of 
the  tartaric  being  replaced  by  succinic);  the  former,  according  to 
Dupr^,  predominating  in  pure  natural  wines,  and  largely  so  in 
fortified  liquors;  whilst  in  plastered  wines  it  is  often  present  to 
the  total  exclusion  of  tartaric  acid. 

*  SonbeirMi;  op.  iit. 
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The  principal  volatile  acid  is  acetic,  but  it  is  always  accompanied 
by  formic,  propionic,  butyric,  and  other  members  of  the  series. 
The  general  method  of  estimation  is  to  take  from  10  to  20  cc.  of 
the  wine  suitably  diluted,  and  titrate  with  d.  n.  soda,  using 
tincture  of  logwood  as  an  indicator,  the  result  being  the  tot<d 
acidity.  On  now  evaporating  the  wine  on  the  water-bath  to  a 
syrupy  extract,  diluting  and  again  titrating,  the  loss  of  acidity 
corresponds  to  the  volcUile  acid,  the  latter  being  expressed  in  terms 
of  acetic  acid,  the  non- volatile  as  tartaric  acid. 

A  very  different  and  highly  ingenious  method  of  diagnosing 
and  estimating  volatile  acids  has  been  proposed  by  E.  Duclaux. 
As  this  is  appUcable  not  to  wines  alone,  but  also  to  beers,  sour 
milk,  and  in  fstct  to  all  liquids  developing  acids  of  the  acetic 
series,  it  will  be  described  at  length. 

EsUmation  of  Volatile  Acids  by  the  Method  of  E.  Dtu:laux, — The 
process  depends  upon  the  regularity  with  which  the  different  vola- 
tile acids  distU.  If  in  a  retort  of  from  250  to  300  cc.  be  introduced 
110  00.  of  a  mixture  of  acetic  acid  and  water,  and  100  cc.  (that 
is  \^)  be  distilled,  the  quantity  of  acid  which  has  come  over  is 
found  to  be  80  per  cent,  of  the  whole,  or  very  nearly  so.  Further, 
if  the  100  cc.  be  successively  titrated,  in  every  10  cc.  the  successive 
numbers  thus  obtained  (indicating  the  proportion  of  acid  passing 
in  these  equal  volumes)  are  the  same,  whatever  may  be  the 
quantity  of  acid  operated  upon,  provided  the  acid  is  pure;  but  it 
variea  very  sensibly  should  there  exist  even  feeble  traces  of  the  fatty 
<ieids.  It  is  then  sufficient  to  study  the  course  of  the  distillation 
of  the  acids  in  order  to  know  their  nature.  In  a  general  way, 
foreign  matters  exercise  only  a  slight  influence ;  but  it  is  always 
best  to  eliminate  them  as  far  as  possible  by  operating  on  a  first 
or  second  distillation. 

For  the  titration,  M.  Duclaux  uses  lime-water  standardised 
by  sulphuric  acid.  The  size  of  the  retort  docs  not  exercise  the 
great  influence  which  might  be  expected ;  but  it  is  well  to  use 
one  of  about  300  cc.  capacity,  for  the  experiments  on  which 
the  tables  are  founded  were  conducted  in  retorts  which  varied 
from  between  250  to  350  cc.  The  slight  difference  in  the  results 
from  a  retort  of  800  cc,  as  compared  with  one  of  300  cc,  may  be 
gathered  from  the  following  table,  which  represents  the  distilla- 
tion of  110  cc.  of  a  dilute  acetic  acid. 

The  two  series  of  numbers,  A  and  B,  are  obtained  by  titrating 
each  10  cc,  until  100  cc.  have  come  over;  the  acetic  acid  in  the 
A  series  beins  worked  out  in  percentage  of  the  whole  acid  found 
in  the  entire  distillate,  and  that  in  the  B  scries  in  the  quantity 
of  add  existing  in  the  retort. 

N 
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Estimation  of  Acetic  Acm. 

Itctort  of  SOD  cc.  Retort  of  300  cc 


10. 


.'■)-3        64-8 


IIKI-O 


75-0 


60-9 

408 

613 

48-9 

72  5 

57-9 

8fl-2 

67-9 

lOO'O 

79-8 

It  would  appear  thnt  tlio  qimntity  of  iiciJ  which  vaporij 
at  a  given  moment,  ia  projKirtional  to  that  which  exists 
that  same  moment  in  the  heated  liquid  ;  and  when  the  quantit 
of  water  diatilled  increase  in  an  arithmetical  progression,  I 
quantities  of  acid  increase  in  a  geometrical  progression. 

Let  21  lie  tlio  quantity  of  ncid  existing  at  any  iiiouient  in  1 
volume  X  of  the  liquid  remaining  in  the  retort;  the  quantity 
acid  dy,  which  will  volatiliBe  with  the  volume  d\  of  the  liqi 
will  bo  evidently  firat  jiroportional  to  dh  and  then  to  y.     Thui 

dy^xydK 
whence  may  be  educed  (calling  y  the  total  weight  of  acid  exi 
ing  at  the  commencement  in  the  volume  L  of  the  liquid), 


giving 

Let  a  h 


(j-iY.I^.-K(L->) 


called  the  quantity  Y  -  y  of  acid  which  distils  wl 
has  been  removed  from  the  liquid ;  then  we  have 

The  following  table  shows  thnt  acetic  acid  obeys  tliis  law ;  ( 
figures  in  the  second  column  are  calculated  by  the  fonnula 
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a  found. 

a  calculated. 

a  foand. 

I. 

6-9 

52 

6. 

40-6 

2. 

12.2 

12-2 

7. 

48-7 

3. 

18-8 

18-7 

8. 

67-9 

4. 

25-6 

25-4 

9. 

.      67-7 

6. 

32-9 

32-7 

10. 

79-8 

Butyric  cbdd  obeys  the  same  law ;  but  it  has  a  methoc 
in  some  sense  inverse  to  that  of  acetic  acid,  anc 
greater  abundance  in  the  first  portions.     The  followin 
ves  the  experimental  and  the  calculated  numbers  fo\ 
a  mixture  of  butyric  acid  and  water,  in  the  l 
ore  described. 
The  formula  for  calculation  is — 


147-6  A -e" 

-OlSHx 

11  ; 

A. 

B. 

B  calcnlated. 

1. 

16-8 

161 

16-8 

2. 

31-9 

31-1 

31-4 

3. 

45-4 

44-3 

44-4 

4. 

67-7 

66-1 

55*8 

6. 

67-9 

66-2 

661 

6. 

77-2 

75-3 

76-1 

7. 

85-0 

82-9 

83-2 

8. 

91-4 

89-2 

90-3 

9. 

96-4 

94-0 

96-6 

iO. 

100-0 

97-5 

102-4 

It  is  thus  seen  that  the  numbers  are  very  different  from  th 
of  acetic  acid,  and  that  nearly  the  whole  of  the  acid  is  obtain 
MeAaeetic  add, — ^Formula  for  calculation — 


m  =  357 

(:-. 

-  0033Z 
11 

) 

A. 

B. 

B  calcnlated. 

1.   . 

11-3 

10-5 

10-8 

2.     . 

22-8 

21-1 

21-4 

3.     . 

34  0 

31-5 

31-5 

4.     . 

44-6 

41-4 

41-4 

6.     . 

55-3 

61-3 

511 

6.     . 

65-4 

60-6 

60-3 

7.    . 

74-7 

69-5 

69-3 

8.    . 

840 

780 

78-0 

9.    . 

92-5 

85-8 

86-5 

10.    . 

1000 

92-8 

95-3 
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24-5 

6.     . 

44  5 

r.!iT> 

7.  .        . 

8.  .        . 

.    . 

71-3 

(1.     . 

70-5 

10.     . 

cid.- 

/., 0-2(^.2:^^^1) 


[§9fi 


1000 


50-7 


Passing  from  tlie  singlo'acids  to  the  behaviour  of  mixed  vola- 
tile acids,  it  is  fouud  tliat  each  acid  diatUa  ia  the  same  proportion 
as  if  it  existed  iuJividually  in  the  liquid.  Thus,  Duclaax  found 
a  mixture  of  equivalent  quantities  of  butyric  and  acetic  acida 
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Hence  it  follows,  that  it  is  possible  to  obtain  from  fractional 
distillation  a  knowledge  of  the  nature  and  quantity  of  the  volatile 
acids  existing  in  the  liquid.  Theoretically,  ten  different  equa- 
tions might  be  educed,  and  ten  volatile  acids  determined ;  but 
in  practice  this  is  not  possible;  and  should  there  be  even  three 
volatile  acids^  it  is  better  to  make  a  new  distillation  after  a  partial 
saturation,  which  will  almost  completely  arrest  one  of  the  acids, 
and  let  only  two  pass  into  the  receiver. 

As  an  example  of  the  method  of  calctdation,  the  following 
table  gives  the  results  of  the  distillation  of  a  certain  wine,  A  and 
B  having  the  same  signification  as  before  : — 


A. 

B. 

M. 

N. 

1.   . 

9-6 

8-6 

1-2 

3-2 

2.     . 

19-2 

17-3 

11 

31 

3.     . 

28-8 

260 

10 

3-0 

4.     . 

38-4 

34-7 

10 

2-8 

6.     . 

48-2 

43-5 

10 

2-5 

6.     . 

57-9 

52-2 

10 

2-5 

7.    . 

67-8 

61  1 

10 

2-2 

8.    . 

77-9 

70-2 

10 

21 

9.    . 

88-5 

79-9 

10 

1-6 

10.     . 

.      1000 

90-2 

11 

1-3 

ithe  B 

series  there 

should  be  acetic 

acid  mix 

either  metacetic  or  butyric  acids.  In  order  to  know  which  of 
the  two  is  present,  a  double  calculation  is  necessary.  Turning 
to  the  tables  giving  the  numbers  obtained  for  the  first  10  cc.  in 
the  distillation  of  pure  acetic  and  pure  butyric  acids  (p.  179),  we 
find  for  the  former  5*9,  for  the  latter  10*5 ;  then,  by  the  following 
equation,  the  numbers  in  the  column  M  are  obtained — 

8-6a;  +  y  =  5-9a;+10-5y 

^  =  1-2 

X 

Analagous  calculations  give  for  -  the  series  of  numbers  con- 
tained in  N,  if  butyric  acid  is  thought  to  be  present ;  it  now 
becomes  evident,  that  the  mixture  was  formed  of  equivalent 
parts  of  acetic  and  metacetic  acid.  In  order,  however,  to  avoid 
long  calculations,  it  is  better  to  make  tables  of  reference  with 
various  mixtures,  so  that  in  most  experiments  the  quantities  will 
fall  somewhere  near  those  given  in  the  tables,  and  at  all  eventa 
be  a  guide.  In  the  following  tables  A  and  B  have  the  same 
signification  as  before,  and  110  cc.  are  supposed  to  be  distilled  v[l 
the  manner  desoribed,  in  a  retort  of  about  300  cc.  caii^8ud\>7  *. — 
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MiZTUBES  OF  Acetic  Acid  (a)  and  Metacetic  Acid  (m). 


a        668      2 

a      8S4      1 

•«"  535"  i 

m^*  aW6~  i 

A. 

> 
B. 

A. 

R 

1.    . 

91 

7-7 

9-7 

8-5 

2.      . 

18-4 

16-6 

19-4 

17-0 

3. 

27-8 

23-6 

29-2 

25-6 

i.      . 

37-3 

31-6 

38-9 

341 

6.     . 

46-9 

39-8 

48-6 

42-7 

6.     . 

56-6 

480 

58*6 

61-4 

7.     . 

66-6 

56-5 

68-5 

COl 

8.     . 

77  0 

65-2 

78-6 

68-9 

9.     . 

88-0 

74-6 

89-1 

78-2 

10.     , 

100-0 

84-8 

100-0 

87-7 

■1 

Mixtubes  OF  Acetic  Acid  (a),  ob  of  Butybic  Acid  (6),  with 

Yalebianic  Acid  (v). 


1.  . 

2.  . 

3.  . 

4.  . 
6.  . 

6.  . 

7.  . 

8.  . 

9.  . 
10.  . 


a 

V 


m 

118 


1 


111 
20-8 
30-5 
39-9 
48-9 
57-9 
67-2 
770 
87-5 
100-0 


91 
17-2 
261 
32-8 
40-3 
47-7 
55-4 
63-4 
72-2 
82-4 


n 


396 


16-3 
30-3 
42-4 
52-5 
61-3 
69*3 
76-6 
840 
91-5 
1000 


ft 

'4 


B. 

14-3 
26-5 
37-0 
45-9 
53-6 
60-5 
66-9 
73-4 
80-0 
87-4 


b 

V 


291 
2^6 


5 

4 


20-6 
38-3 
52-9 
64-6 
74-5 
821 
88-2 
93-2 
96-9 
100-0 


200 
37-0 
61-0 
62-4 
71-9 
79-3 
85-2 
900 
93-3 
96-8 


It  now  only  remains  to  apply  the  preceding  principles  to  the 
examination  of  wines.  275,  or  550,  or  825  cc.,  according  as  the 
wine  is  more  or  less  rich  in  alcohol,  is  agitated  strongly  (or  a 
current  of  air  passed  through  the  liquid),  in  order  to  free  it  from 
carbonic  acid  gas.  It  \a  next  distilled  to  ten-elevenths,  air 
drawn  through  the  apparatus,  and  the  distillate  titrated  by  lime- 
water.     A  aught  excess  of  lime-water  is  next  added,  tkXid  \2cl^ 
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MlXTUBBB  OF  ACKTIC  AciD  («)  WITH   FORMIO  AciD    (/). 
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a        IM       1 

a  _    W«  _    '. 

j-s-i 

IT' 

B. 

A. 

E 

A. 

B. 

!     . 

6-6 

4-9 

61 

4  3 

6-0 

41 

U-0 

10-4 

13-B 

9-fi 

laa 

9-2 

S 

221 

163 

21-1 

U-8 

ao-6 

14-3 

30-2 

223 

28-B 

203 

28  G 

193 

E 

30'1 

28-9 

37-8 

26-6 

37-1 

25-7 

G 

48-5 

35-9 

48-8 

33  0 

48-4 

32-2 

7 

59-2 

43-8 

E!-2 

40-3 

5C5 

30-3 

8 

70'6 

52-3 

GSV 

48-5 

684 

47-5 

V 

B3-8 

62-0 

82-7 

M-2 

81 -fl 

56-9 

10 

100-0 

74-0 

lOO-O 

704 

lOOfl 

U9-4 

liquid  ia  concentrated  by  evaporation  to  about  250  cc.,  in  order 
to  get  rid  of  the  alcohol ;  1  grm.  of  glycerine  ia  now  added,  and 
sufficient  tartaric  acid,  to  put  the  fatty  acids  at  liberty. 

The  tartrate  of  lime  ia  allowed  to  crystallise,  and  the  liquid 
decanted  and  made  up  with  the  washing  water  to  276  cc.,  ^ter 
having  added  suiScient  tartaric  acid  to  ensure  that  on  completion 
of  the  di^illation,  the  residue  will  be  nearly  as  acid  as  at  the 
end  of  the  first  operation — 1  gnn.  of  tartaric  acid  per  litre  suffices 
for  thia.  The  liquid  is  now  distilled  anew  to  ten-elevenths,  and 
the  whole  distillate  titrated ;  the  relation  between  the  quantity 
of  lime-water  necessary  now,  and  that  of  the  first  saturatiou, 
■will  serve  to  ehow  the  quantity  of  volatile  acid  existing  in  the 
wine  in  question. 

This  new  liquid  is  submitted  to  the  same  operations  as  before, 
adding  nothing  save  the  quantity  of  tartaric  acid  exactly 
necessary.  The  acid  liquid  is  made  up  to  165  cc.,  of  which  150 
cc  are  distilled  over,  60  ec.  out  of  the  150  cc.  are  titrated,  the 
remaining  100  are  made  up  to  110  cc.  with  water,  and  submitted 
to  fi^^tional  distillation,  titrating  every  10  cc.  of  the  distillate. 
The  numbers  found  will  conduct  directly,  by  a  simple  calculatioB, 
to  the  knowledge  of  the  quantity  and  nature  of  the  volatile 
ftcide  in  the  wine.  Thus,  taking  a  wine,  the  results  of  the 
distillation  of  which  are  given  in  a  tabular  form  at  p.  181; — 

275  cc.  of  this  wine  were  distilled  to  250  cc. ;  these  260  cc. 
leqnired  for  neutralisation  316  cc.  of  lime-water  of  30-6  [i.e.,  30'6 
te. "  0-07$  add  acetic] ;  the  second  distillation  has  given  83-2  per 
JHUt,  <tf  the  acid  employed.     Hence,  for  375  cc. — 


§95.] 


WINE. 


185 


316  cax 


100 
83-2 


=  379  cc.  of  lime-water. 


The  tliird  and  last  distillation  showed  in  the  liquid  equal 
parts  of  acetic  and  metacetic  acid ;  the  proportions  in  which 
these  acids  pass  over  are^  as  has  been  shown,  |^ ;  denoting  the 

proportion  in  which  they  exist  in  the  wine  by  - 


/O'OSyg   _   100a?   _    1 
Vo-80/    y   "   "UGy     ~    1 


There  were  then  present  in  the  wine,  100  of  acetic  acid  against 
66  of  propionic  acid.  In  dividing  the  volume  of  lime-water 
used — viz.,  1378  cc. — in  proportional  parts  to  100  and  66,  and 
valaing  the  corresponding  quantities  of  the  two  acids,  it  is. 
found  that  1  litre  of  the  wine  contained  1*960  of  acetic,  and 
1*810  grm.  of  metacetic  acid. 

In  order  to  discover,  by  this  method,  valerianic  acid,  which, 
it  would  appear,  existis  in  many  sound  wines  (in  about  the 
proportion  of  6  mgrms.  per  litre),  it  is  necessary  to  distil  a  con- 
siderable quantity  of  wine,  and  then  to  saturate  the  distillate 
to  nine-tenths  or  nineteen-twentieths.  In  this  way,  acetic  and 
valeriAnic  acid  pass  almost  alone  into  the  receiver.  For 
instancoi  7*7  litres  of  the  wine  alluded  to  before  (p.  181),  were 
distilled,  and  10  grms.  of  lime  salts  obtained ;  sulphuric  acid  was 
added,  representing  nearly  one-fortieth  of  the  lime  salt,  and 
then  the  partially-decomposed  salt  distilled,  when  the  following 
numbers  were  obtained : — 


A. 


1.   . 

.     10-5 

2.    . 

.     20-5 

3.     . 

.     29-3 

4.     . 

.     381 

6.    . 

.    46-8 

6.    . 

.     55-6 

7.    , 

.     64-8 

8.    . 

.     75-2 

9.     . 

.     86-6 

10. 

.  1000 

B. 

8-7 
16-9 
241 
31-4 
38-6 
45-9 
63-4 
62  0 
71-4 
82-4 


n 

61 
61 
6-8 
6-9 
7-2 
7-6 
7-4 
7-5 
6-5 
6-0 


The  ntimbers  in  the  columns  A  and  B  correspond  in  no  way 
to  miactures  of  acetic  acid  with  butyric  or  propionic.  With 
Tftlexianic  acid,  on  the  contrary,  there  is  a  relation  constant 
enough,  as  the  fourth  column  shows,  the  slight  irregularities 
arising  probably  from  a  trace  of  butyric  acid. 
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Eatimal'ion  of  Tartaric  Acid  and  Bitartrate  of  PotatJi. — This  ii 
beat  estimated  by  the  method  suggested  by  Berthelot : — 20  cc.  of 
vine  Are  mixed  with  100  cc.  of  equal  volumes  of  lilcohol  luid  ether 
in  a  well-stoppered  flask.  The  s&me  process  ib  employed  to 
another  20  ca,  but  with  the  addition  of  potash  in  sufficif'nt 
quantity  to  neutralise  about  one-fifth  of  the  &ee  acid  presenb, 
Both  bottles  are  allowed  to  stand  two  or  three  days,  and  at  the 
end  of  the  time,  owing  to  the  insolubility  of  bitartt&te  of 
[totash  in  strong  alcohol,  there  will  be  a  deposit  of  that  salt  in 
both  bottles.  The  first  will  represent  the  bitartrate  of  potaali 
present  as  such  ;  the  second,  the  whole  of  the  tartaric  acid  whioh 
the  wine  contains.  There  is,  however,  always  a  small  quantity 
■of  bitartrate  in  solution,  about  '004  grm.,  equalling  'SI  d.n.  soda, 
JLnd  this  amount  must  be  added  to  that  found.  The  precipitatei 
from  both  bottles  are  collected  on  separate  filters,  washed  with 
the  alcohol-ether  mixture,  dissolved  in  water,  and  titrated  with 
soda  solution. 

Direct  Estimation  of  Malic  Acid. — 100  cc.  of  wine  are  precipi- 
tated with  lime-water,  addeJ  .iiily  in  nVight  fxccss  i  the  filtrate 
is  evaporated  down  to  one-half,  and  absolute  alcohol  added  in 
«zcesa ;  the  resulting  precipitate,  consisting  of  malate  and  anl- 

fhate  of  lime,  is  then  collected  on  a  filter,  washed,  and  weighed. 
i,  now,  the  sulphate  of  lime  in  this  sample  be  estimated  by 
solution  in  water,  and  precipitation  of  the  sulphuric  add  by 
baric  chloride,  &o.,  and  the  amount  subtracted  from  the  total 
weight  of  the  precipitate,  the  remainder  equals  malate  of  lime. 

5.  Hetimation  of  Ethers  in  Wxne. — The  compound  ethera  in  wine 
may  be  divided  into  volatile  and  non-volatile.  It  is  espedally 
the  volatile  ethers  that  impart  a  character  to  the  wine,  and  gire 
it  bouquet  and  odour.  The  proportion  of  volatile  to  fixed  etb«s 
is  very  small  in;  unfortified  wines,  but  the  reverse  ia  tko 
case  with  fortified  wines.  The  total  amonnt  (^«tih«R  is  ex- 
tremely small ;  Dr.  Dupr£  gives  as  the  highest  proportion  ha 
has  yet  met  with,  about  one  part  of  compound  ether  in  300  parts 
of  wine.  The  ethers  themselves  are,  of  course,  derived  from 
conversion  of  the  alcohols,  the  ultimato  amount  depending 
entirely  on  the  relative  proportion  of  alcohols,  acid,  and  water 
present,  and  not  being  dependent  on  the  nature  of  the  alcohols 
or  acids.  If,  as  sometimes  happens,  an  excess  of  compound  ether 
is  added  to  a  wine,  decomposition  will  at  once  b^in,  until 
ultimately  the  wine  will  contain  no  more  than  it  would  other- 
wise have  reached  in  the  natural  order  of  things.  An  estimation 
of  the  ethers  is,  therefore,  of  the  greatest  possible  importance, 
as  it  enables  the  analyst  to  judge  of  the  age,  character,  im.,  of 
the  wine. 
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Berthelot  has  given  the  following  formula  for  the  calculation 
of  the  amount  of  alcohol  present  in  the  compound  ethers  of 
wine : — 

y  =  M7A+2-8 
yxa 

*"  100 

A  is  the  percentage  of  alcohol  by  weight  in  the  wine ;  a  the 
amount  'of  alcohol  equivalent  to  the  total  free  acid  (reckoned 
as  acetic)  contained  in  1  litre.  It^  hence,  follows  that  if  the 
amount  of  alcohol  present  as  ether,  found  by  experiment,  £Eiirly 
agrees  with  the  osculated  amount,  etheriiication  is  complete, 
and  the  wine  must  be  of  a  certain  age ;  if  the  compound  ethers 
exceed  the  proper  amount,  the  probability  is  that  it  is  an 
artificial  wine ;  and,  lastly,  if  the  amount  of  ethers  is  below  the 
theoretical  standard,  either  etherification  is  not  complete,  on 
account  of  its  youth,  or  alcohol  has  been  recently  added. 

Dr.  Dnpr^  taking  advantage  of  the  fact  that  all  ethers  (when 
treated  with  an  alkali)  break  up  into  their  respective  acid  and 
alcohol,  indirectly  estimates  both  the  volatile  and  non-volatile 
ethers  as  follows  : — 

250  cc  of  wine  are  distilled,  with  special  precautions  against 
loss,  xintil  200  ca  have  come  over;  the  distillate  is  now  made  up 
to  250  ca,  and  100  cc.  of  this  titrated.  Another  100  cc.  are 
decomposed  by  alkali  (a  known  amount),)  and  again  titrated. 
The  second  100  cc.  will,  of  course,  be  more  acid  than  the  first, 
and  therefore  the  amount  of  volcUile  ether  can  be  estimated  from 
aach  increase.  The  Jixed  ether  is  determined  by  evaporating 
down  to  50  or  60  cc.  in  an  open  dish  on  the  water-bath ;  the 
residue,  which,  of  course,  contains  no  alcohol,  is  rendered  alkaline 
with  sodium  hydrate,  some  tannin  added,  and  the  whole  slowly 
distilled;  the  fixed  ether  present  is  resolved  into  an  acid  and  an 
alcoholy  and  the  latter  distilled  over ;  the  distillate  is  rendered 
slightly  acid  by  sulphuric  acid,  redistilled,  and  the  second  dis- 
tillate (which  may  amount  to  20  or  25  cc.)  oxidised  into  acetic 
acid  in  a  closed  flask  by  potassic  bichromate ;  the  acetic  acid  is 
distilled  over  and  titrated  as  described  at  p.  131. 

6.  The  EtiinuUion  of  Sugar  in  Wine  is  carried  out  on  the  prin- 
ciples described  at  sect  2,  p.  7. 

7.  Albuminoid  Substances. — The  albuminoid  substances  in  wine 
may  be  estimated  by  Mr.  Wanklyn's  well-known  ammonia 
process: — 5  cc.  of  the  wine  are  put  in  a  half-litre  flask,  and 
made  up  with  water  to  500  cc;  ^hrs  (^''^•»  ^  ^^*)  o^this  is  distilled 
with  a  little  water  and  pure  carbonate  of  soda  (ammonia  pure)) 
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and  thii  annnonia  in  tlje  dtstillnte  eatiinated  by  tbe  colonsietric 
propcBs  kBown  (18  Neaslerisiag.  An  alkaline  Bohition  of  pei^ 
mauganate  of  potash  ia  then  added,  and  the  oporEtion  rBjieat**! — 
'a  coming  over  now  being  the  result  of  tlit;  breaking- 
up  of  albuminoid  bodies.  It  would  appear  that  in  w/iile  wiuoi 
a  albuminous  matters  are  very  snjall  in  amount ;  whUo  in  reJ, 
and  most  young  wines,  there  ia  an  eKcesB  of  albumiuons  mattt-m, 
which  decreases  with  age;  hence,  iu  experienced  hands,  a  dt-t-T- 
mination  of  this  kind  may  help  to  distinguish  bet^reen  old  hii<1 

Ihudichum  nnd  Diipn^  found  in  certain  wines  tiie  following 
amounts  of  ammonia  : — 

Ammonin  free.  AnUnODia  llb^ 

I'or  cult.  Per  wnt 

0-0088 

v-isin 

(I  I58t 


Port,  I8f.l, 
Sharry.  3U  yean  ii 
Madeira, 

1  kittle," 

(ItKBl 

1)()078 
0'«021 

MerBtemer, 
Nntiinil  Pi>rt,    . 
Port,  1805, 

0-0021 
0-0019 
0-0012 

8.   The   tannin   of 
desci-iLied  at  ]>.  09. 


eatiniated   by    the   metbodE 


Ltion  of  thia  iastrumeat  to  tha  iavestigatioa  of  wines  is 
^naable.  In  no  case,  however,  should  tte  analyst  tniafc  to 
ttions  or  plates  j  the  only  safe  course  is  to  have  in  reailineas 
■ea  of  colouring  matters  of  different  strength  and  different 
8  well  as  samples  of  wino  artificially  coloured. 

colour  of  white  wines  is  due  to  oxidised  tannin  ;  it  takes 
>  develop ;  hence,  the  manufacturer  not  unfrequeatly  adds 

caramel.  Should  this  be  the  only  addition,  it  would  be 
ions  to  consider  the  wine  adulterated. 

artificial  colouring  of  wines  by  elder-berry,  logwood, 
ial,  aniline,  ijcc,*  is  said  to  exist,  at  all  events,  on  the 
ent;and  it  is  a  fact  tliat  a  few  home-made,  low-priced  wines, 

entirely  fictitious,  are  passed  off  by  the  aid  of  the  same  or 
'  Bubstancea ;  but  with  regard  to  the  ordinary  foreign  wines 
lish  commerce,  there  is  no  reliable  evidence  whatever  that 
ulteration  of  this  kind  has  been  practised.  Nevertheless, 
Molatcly  necessary  to  bo  acquainted  with  the  beat  and 
scent  methods  for  the  discovery  of  such  fi'auds. 
I>upr4,  taking  advantaji^e  of  the  fact  that  the  colouring 

of  wine  t  only  dialyaea  to  a  minute  extent,  and  that 
ouring  matters  of  Brazil  logwood  and  cochineal  readily 
,  separates  the  latter  colouring  matters  from  the  wine  by 
I.  The  aame  chemist  haa  suggested  a  atUl  more  convenient 
tctical  process — viz.,  the  staining  of  a  jelly.  The  jelly  is 
•y  dissolving  5  grms.  of  gelatine  in  100  cc.  of  warm  water, 
aring  the  solution  into  a  square  fiat  mould  made  of  paper, 
thia  cake  cubes  about  |  inch  square  are  cut  with  a  sharp 
oife,  and  are  immeraed  in  the  wine,  taken  out  after 
Me  of  from  twenty-four  to  forty-eight  hours,  washed 
r,  and  sections  cut,  in  order  to  see  how  far  the  colouring 
les  have  penetrated.  If  the  wine  is  pure,  the  colour  will 
Ined  almost  entirely  to  the  edges  of  the  slice,  or  will  not 
toetrated  beyond  Vg^  to  ^  inch ;  most  other  colouring  matters 

permeate  and  colour  the  jelly. 
Coimtring  matters  penslrtUiiuj  slowly  into  the  jeUy  : 
Colouring  matter  of  pure  wine. 

,,  „         Rhatauy  root, 

banw  sajra  :  "At  Fiames,  in  the  neighbourhood  of  Rbeims,  there 
I  manu&ctnred  for  more  than  a  centary  (since  1741)  a  colonrini; 
upoaed  of  elder-berriei,  alum,  and  WB(«r,  in  different  proportione,  tha 
A  nw  of  which  can  only  have  injarioos  conseqnences  on  the  lle^th, 
nt  ot  the  alom.  Unfortoiuttely,  the  productdoa  of  thi<  colouring 
Ms)  wu  sncom^ij^  by  a  royal  decree  of  1781.  .  .  .  Recent 
have  shown  that  this  liquear  de  FUma  oontainji  from  20'8  to  67'90 
r  Ulra  of  alnm."— Dicf .  dt>  FaUiJieatioas.  Faiis,  1874. 
oolofiiig  natter  of  Bhatany  root  has  the  same  property. 


(2.)  Colaurtntf  mailers  pennCrtUiiitf  ra/iidly  into  lAa  j^ytj 


Rosanilina 
Cochineal. 

Ijogwood. 
Brazil-wood. 

Indigo. 


Eed  Cabbage. 
Beetroot. 
Malva  sylvestris. 
Althea  officinalis. 


Tlie  jplly  may  be  examined  spectroscopically,  good  resulu 
obtained  in  the  case  of  rouuiiline,  red  cabbage,  and  I 
and  may   be  also   tested   witli   reagents — e.g.,  dilute  amni 
dissolves  much   colour  from  the  slice,  if  the   colour  should  1 
derived   from   logwood  or  cochineal  ;  on   the   other  hand.  4) 
ammonia  remains  colourless  in  the  case  of  rosaniline,  red  caM 
and  beetroot, 

~A  simple  method  for  the  detection  of  ceiljiia  colouring  moi 
is  that  of  Lammatino  r — Shake  100  parts  of  the  wine  with  1 
of  coarsely-powdered  peroxide  of  manganese,  and  then  ] 
through  a  double  filter ;  if  pure,  a  colourless  filtrate  will  rei 
Tbe  process  is  said  to  answer  well  in  the  case  of  logwood  ft 
eochineal,  but  to  fail  with  aniline. 

A  general  method,  applicable  to  fuclisiue  and  other  colonrti 
matters,  is  baaed  iipon  the  fact  tlmt  a  great  many  of  the  a 
ing  matters  which  may  be  used  for  purposes  of  wine  adultei 
(such  as  caramels,  ammoniacivl  cochineal,  sulphiudigotic 
logwood,  and  the  lichen  reds),  are  precipitated  by  acetal 
lead ;  whilst  fuchsine,  if  present  in  considerable  quantity^' 
only  partially  thrown  down.  Those  which  are  not  precipttM 
may  be  separated  by  agitating  the  filtrate  with  amyl  alcohoL 

The  lead  precipitate  may  be  treated  by  dissolving  out  OOCB 
neal,  sulphindigotic  acid,  and  fuchsine,  by  a  solution  of  potlM 
carbonate  [2  ;  100].  From  this  liquid  the  fuchsine  is  sepaniM 
by  neutralisation  with  acetic  acid  and  agitation  with  ijM 
alcohol,  tbe  rose-coloured  liquid  obtained  being  identified  wR 
solution  of  fuchsine  by  the  spectroscope.  On  now  acidijMl 
the  liquid  with  sulphuric  acid,  the  carminamic  acid  from  JB 
cochineal  is  removed  by  means  of  amyl  alcohol,  and  ident&M 
by  its  three  bands — viz.,  one  between  D  and  E  in  the  redf  JH 
second  in  the  green,  and  the  third  in  the  blue.  Tbe  i>un 
remaining  may  be  detected  by  the  blue  colour,  and  abBorn'H 
band  between  C  and  D.  The  original  lead -precipitate,  insolnS 
in  potassic  carbonate,  is  treated  with  a  2  per  cent,  eolutios-l 

Ktassium  sulphide,  which  dissolves  tlie  colouring  matter  J 
jwood  and  that  of  the  wine  itself  Logwood  niay,  howevl 
be  tested  for  directly  in  the  wine  by  the  addition  of  calci4 
carbonate  and  two  or  three  drops  of  lime-water.     In  tilia  ^ 
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natural  wine,  the  filtered  liquid  is  almost  colourless,  but 
a  fine  red  colour  if  logwood  is  present.  Lastly,  the  lichen 
Day  bd  obtained  by  washing  the  insoluble  portion  left  after 
ment  with  potassium  sulphide,  and  dissolving  it  in  alcohol, 
I  a  red  colour  and  a  definite  absorption  band  reveal  ita 
mce. 

r  the  detection  of  fuchsine  simply,  Bouillon  {Comptea  renduSj 
iu.  858,  859)  recommends  half  a  litre  of  the  wine  to  be 
orated  down  to  120  cc,  with  the  addition  of  20  grms.  of 
im  hydrate.  It  is  then  filtered,  and  the  filtrate  shaken  up 
ether ;  the  ether  is  separated,  a  drop  of  acetic  acid,  a  little 
iTy  and  a  small  piece  of  white  silk,  are  added,  and  (if  an 
eeiable  amount  of  fuchsine  is  present)  the  silk  assumes  a 
:  colour  immediately ;  if  not,  the  liquid  must  be  concentrated 
ly  to  dryness. 

uitly,  M.  A.  Gautier*  has  proposed  a  method  aiming  at  a 
3maUc  detection  of  every  probable  colouring  matter  likely 
)  added  to  wine.  How  far  the  whole,  or  any  portion,  of  this 
orate  system  will  be  followed  and  confirmed  by  chemists, 
una  to  be  seen. 

be  following  abstract  of  M.  Gautier's  paper  is  taken  from 
Analyaty  i,  1877:— 

Gactier's  Process  for  Detecting  Colouring  Matters 

IN  Wine. 

'rdiminary  Preparation  of  t/ie  Sample, — The  wine  to  be 
mined  is  mixed  witli  one-tenth  its  volume  of  white-of-egg^ 
fiously  diluted  with  one  and  a  half  times  its  bulk  of  water, 
I  shaken,  and,  after  standing  for  half  an  hour,  filtered.  If 
wine  is  very  poor  in  tannates,  a  few  drops  of  a  fresh  aqueous 
;tion  of  tannin  should  be  added  previous  to  the  agitation  with 
imen.     The  filtrate  is  treated  with  dilute  sodium  bicarbonate  . 

il  its  reaction  is  very  feebly  acid.     All  the  reactions  of  Table        i/ 
nnst  be  made  on  this  liquid,  except  those  for  indigo,  whick 
executed  upon  the  albuminous  precipitate. 

iLE  B. — systematic  process  to  be  followed  for  the  deteo- 

TIOK    OF    the   nature    OF    FOREIGN    COLOURING    MATTER? 
ADDED  TO  WINES. 

L  Having  placed  aside  the  filtrate  from  the  albuminous  pre- 
.tate,  the  precipitate  is  washed  until  the  washings  ai*e  almost 
mrleas. 

♦  BaU  Soc,  Chim. 
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Two  cases  may  present  thems-elves : — 

(ii.)  The  precipitate  after  waaking  remains  wine-coloureii,  lilac, 
or  maroon ;  wifte,  natural/,  or  adiUteraUtl  with  tko  greater  pari  of 
the  sufiaUimxa  umally  employed.     Pass  on  to  0. 

(6.)  The  precipitate  ia  of  a  very  deep  wine-colour,  violet-blue, 
or  bluish ;  vnnesfrom  ihe  deepegl  coloured  grapes,  or  wines  ooloured 
toith  indigo.     Proceed  to  B. 

B,  The  precipitate  is  washed  with  water,  then  with  alcohol  of 
25  per  cent.,  a  part  in  then  reniored  and  boiled  with  alcohol  of 
85  per  cent. 

{<*.)  The  filtrate  ia  roae,  or  wiae-coloitreii.  A  portion  of  tli« 
precipitate  is  removed  from  tha  filter,  suspended  in  water,  and 
iiarofully  saturated  with  diJnte  potasainm  carbonate.  The  colour 
changes  to  brown  orblackish-bi-own  ;  nainral  wines,  or  adtUUrattd 
toith  siihslances  oilier  titan  itidigo.     Pass  to  C, 

(6.)  The  filtrate  ia  blue.  A  portion  of  tho  precipitate  sus- 
pended in  water  and  treated  with  dilate  potassium  cftrlwnate 
affords  a  deep  blue  liqoid,  which  changes  to  yellow  by  an  oxcoes 
of  tho  voagent.      Various  preparations  a/  indigo.     Indigo. 

C,  2  cc.  of  wine  are  treated  with  6  to  li  cc.  of  a  j^  solution  of 
sodium  carbonate,  which  must  be  added  in  slight  excess  (1  cc) 
after  the  change  of  colour. 

(a.)  The  liquid  becomes  lilae,  or  violet,  sometimes  the  liquid 
l>eoomes  only  winey,  or  dashed  with  violet.  Brazil-wood, 
coehineal,  Portugal  berries,  faeksine  ....  wines  of  certain 
sorts,  fresh  beetroot,  logwood,  botli  elders,  whortleberries  {myrtille), 
Portugal  berries.     Pass  to  D. 

(5.)  The  liquid  becomes  bluish-green,  sometimes  with  a  &int 
lilac  tint,  wiTie,  hoUyhoek,  privet,  whortleberries,  logwood,  Portugal 
berries,  fudmne.     Pass  to  M. 

(c.)  The  liquid  becomes  greenish-yellow  without  any  blue  or 
violet,  beetroot  (old  or  fermented  decoction),  whortleberries,  certain 
■rare  varieties  of  wine.     Pass  to  L. 

D.  The  liquid  C  a.  ia  heated  to  boiling. 

(a.)  The  liquid  remains  wine-violet,  rose,  or  wine-lilac,  or 
becomes  a  brighter  lilac ;  logwood,  Brazil  wood,  cochineal,  certain 
varieties  of  wine.     Pass  to  E. 

(6.)  The  colour  disappears,  or  changes  to  a  yellow,  or  maroon, 
or  reddish  tint,  wine,  fiieksine,  botlt  elders;  whortleberries,  Portugal 
berries,  fresh  beetroot.     Pass  to  F, 

E.  Treat  4  cc  of  the  wine  with  2  cc,  of  each  of  a  10  per  cent, 
solutionof  alum,  andalOpercent.  solution  of  crystallised  sodium 
carbonate.     Filter. 

(a.)  Clear  yellowish-green  lake  (which  may  be  blnisli  from 
mixtures  of  wines  containing  aramon),  filtrate  colourless,  becom- 
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ing  very  slightly  yellow  on  warming;  its  own  volume  of 
aluminium  acetate  at  2^  B.  almost  wholly  decolorises  it.  Ou 
acidification  with  acetic  acid,  after  treatment  with  its  own 
volume  of  barium-hydrate  (saturated  solution),  the  wine  becomes 
dear  greenish-yellow,  maroon^  pure  or  mixed. 

(6.)  Greenish-blue  lake,  or  dirty  yellowish-green,  according  to 
the  varieties  present,  sometimes  very  slightly  winey.  Filtrate 
bright-rose,  gradually  decolorised  on  warming,  though  retaining 
a  tinge  of  lilac ;  not  decolorised  by  lime-water  in  the  cold. 
Cochineal. 

(c.)  Winey-violet  lake,  which  darkens  on  exposure  to  the  air. 
nitrate  bottle-green,  or  grey  faintly  red  (if  much  logwood  is 
present).     The  filtrate  becomes  green  on  warming.     Logwood. 

(dL)  Lilac,  or  maroon-lilac  lake.  Filtrate  greyish  with  tint  of 
maroon.  On  boiling,  this  filtrate  becomes  fine  old  wine  coloured. 
Brazil  wood. 

F.  Treat  4  cc.  of  the  wine  with  alum  and  sodium  carbonate 
(as  explained  at  E.),  add  to  the  mixture  two  or  three  drops  of 
very  dilute  sodium  carbonate,  and  filter. 

(a.)  The  filtrate  is  lilac  or  winey,  Porttigal  berries,  fresh  beetroot. 
Pass  to  G. 

(b.)  The  filtrate  is  bottle-green,  or  reddish-green,  winey  fudisine, 
black  elder,  whorilebeiiries,  beetroot.     Pass  to  H. 

G.  Treat  2  cc.  of  the  wine  with  subacetate  of  lead  solution  of 
density  15®  B.     Shake.     Filter. 

(o.)  The  filtrate  is  rose,  which  persists  even  when  made  slightly 
alkaline ;  it  slowly  disappears  on  boiling.  Lime-water  destroys 
the  rose  colour.     Portugal  Berries. 

(b.)  The  filtrate  is  yellowish,  or  brownish-red.  Fresh  Beet- 
root. 

H.  The  alum-lake  obtained  from  F.  (5.)  was — 

(a.)  Deep  blue.  On  treating  the  clarified  wine  with  a  few 
drops  of  aluminium  acetate  solution,  it  becomes  a  decided  violet, 
or  wine  violet.     Both  elders.     Pass  to  I. 

(6.)  Bluish-green,  green,  or  faintly  rose-tinted,  wine,  whortle- 
berries, beetroot,  fuchsine.     Pass  to  J. 

L  After  the  test  H.  (a.)  treat  a  fresh  quantity  of  2  cc.  with 
1*5  to  2  cc.  (according  to  its  acidity  and  the  depth  of  its  colour) 
of  an  8  per  cent,  solution  of  sodium  bicarbonate  charged  with 
carbonic  acid. 

(a.)  The  liquid  remains  lilac  for  a  moment,  then  changes  to 
greenish-grey  blue.  Another  specimen  treated  with  sodium 
carbonate  (according  to  C),  and  heated  to  boiling,  becomes  dark 
greenish-grey.     Black  Elder. 

(6.)  The   liquid   retains  a  lilac  tint,  or  becomes   grey  with 

o 
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inixtnre  of  marooii,  or  dirty  lilac.     Another  specimen  treated   ' 
with  sodium  carbonate  (as  at  C.)  U-ads  to  discolour  on  lioftting, 
the  green  being  replaced  by  red.     Dwarf  Eldeb.  I 

J.  Treat  5  oc.  of  the  clarilied  wine  with  a   slight  eicceBs    ' 
ominonia,  heat  to  boiling,  and  after  cooling  shake  with  10  cc. 
ether,  decant  and  evaporate  the  ether,  and  treat  the  residue  li 
on  evaporation  with  acetic  acid. 

(a.)  The  liquid  becomes  red.     Puchsine. 

(6.)  The  liquid  does  not  become  red,  icine,  «*Aur(/o4errtc»,  frtd^ 
beetroot.     Pass  to  K. 

K.  Another  specimen  in  treated  according  to  C.  with  eodimit 
carbonate. 

(a.)  The  colour  darkens  or  becomes  red  on  heating,  u>h«rA- 
berriet,  fresh  beetroot.     Pass  to  L. 

(b.)  The  greenish  or  bluish-green  liquid,  popsibly  having  • 
winey  tinge,  liaa  a  tendency  to  discolour  on  heating,     A'atun^ 

L.  Treated  with  sodium  bicarbonate  according   to   the  nila 

(a.)  The  liquid  b  deep  grey,  slightly  greenish,  green,  some- 
times green  with  very  slight  lilac  tint. 

The  clarified  wine,  treated  with  an  equal  volume  of  saturated 
baryta  water,  filters  after  standing  for  fifteen  minutes,  dir^ 
yellow,  or  slightly  greenish. 

With  an  equal  volume  of  aluminium  acetate  of  2°  B.  it  gives  Bi 
lilac  wine-coloured  filtrate. 

With  a  few  drops  of  aluminate  of  potash  no  change  of  colour. 
"With  sodium  carbonate,  employed  as  at  C,  the  liquid  tends  to 
lose  its  colour  on  heating.  With  barium  peroxide,  used  accord- 
ing to  Table  A.,  column  P.,  the  liquid  is  faintly  rose-tinted,  with 
or  without  an  orange-coloured  deposit  on  the  barium  peroxide. 
KAToaAL  Wine. 

With  the  general  characters  above  indicated,  if  with  baryt* 
water  it  affords  a  madeira-coloured  filtrate,  changing  to  buff  on 
acidnlation  with  acetic  acid  ;  if  with  borax  it  becomes  deep-green 
with  abluish  cast ;  if  with  alum  and  sodium  carbonate  (as  at  K), 
a  deep  bottle-green  with  bluish  tinge,  and  a  precipitate  falla,  and 
if  with  aluminium  acetate  it  remains  rose-coloured  with  no  change 
to  violet-blue.     Teinturibb. 

(6.)  The  liquid  is  reddish-yellow  or  brown-lilac.  By  trest- 
ment  with  acetate  of  alumina  the  filtrate  is  clear  lilac  With  a 
Sew  drops  of  aluminate  of  potash  the  colour  becomes  that  of  ths 
aldn  of  an  onion,  and  with  a  lai'ger  quantity  of  the  reagent  the 
colour  is  green,  tinged  with  maroon.  With  sodium  carbonate 
(employed  as  at  C.)  the  fluid  passes  to  yellowish  or  greyish -yellow. 
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1^1111  tinge  of  red.  With  barium  peroxide,  flesh-coloured  liquid 
with  considerable  orange-coloured  deposit  in  contact  with  the 
peroxide.     Beetroot,  fermented  or  not. 

(c)  The  liquid  is  yellowish-grey,  with  tinge  of  green  or  red. 
With  baryta  water  the  filtrate  is  yellowish  olive-green.  With 
aluminium  acetate  the  filtrate  is  bluish-violet,  or  violet-lilac. 
With  aluminate  of  potash,  fresh  rose,  becoming  yellowish-green, 
with  an  excess  of  reagent.  With  sodium  carbonate  (as  at  C.)  the 
fluid  becomes  deep  grey  on  heating.  With  barium  peroxide  the 
fluid  is  bleached,  or  remains  but  very  slightly  roseate,  with  a 
trace  of  orange  deposit  in  contact  with  the  peroxide.  Whortle- 
berries. 

M.  The  mixture  of  wine  and  alkaline  carbonate  C.  (5.)  is  heated 
to  boiling. 

(a.)  The  mixture  becomes  lilac- violet,  or  violet.     Logwood. 
(6.)  The  mixture  tends  to  become  decolorised,  or  changes  to 
yellowish-green,  or  dark  green,  or  maroon  green,  natural  wines ^ 
whortleberries f  both  elders,  privet,  Portugal  berries,  fuchsine.     Pass 
toN. 

N.  Treat  the  wine  with  alum  and  sodium  carbonate,  as 
directed  at  E.,  and  filter. 

(a.)  The  colour  of  the  filtrate  is  lilac.     Portugal  berries, 
(6.)   The   filtrate   changes   to  bottle-green,   or  reddish-green. 
NcUural  wines,  whortleberries,  hollyhock,  privet,  both  elders,  fuchsine. 
PaBStoO. 

O.  Treat  2  ca  of  the  clarified  wine  with  3  or  4  cc.  of  a  saturated 
solution  of  borax^  according  to  the  intensity  of  the  colour  of  the 
wina 

(a.)  The  liquid  remains  wine-lilac,  or  with  some  violet  tinge, 
both  elders,  privet,  whortleberries.     Pass  to  P. 

(6.)  The  fluid  becomes  bluish-grey-flax-blossom,  greenish  or 
bluish-grey,  with  very  faint  trace  of  lilac,  pure  wine,  whortle- 
berries, hollyhock,  fuchsine.     Pass  to  R. 

P.  Treat  a  new  portion  of  wine  with  sodium  bicarbonate  (as 
directed  at  I). 

(a.)  The  tint,  at  first  lilac,  changes  afterwards  to  grey,  slightly 
brownish,  or  to  maroon.  If  a  new  portion  be  treated  with  sodium 
carbonate,  according  to  C,  and  then  heated  to  boiling,  it  becomes 
dearer,  and  loses  its  green  tint. 

The  lake  obtained  according  to  E.  is  deep  blue-green.  Dwarf 
Eldxb. 

(6.)  The  specimen  remains  grey,  tinged  with  green,  bottle- 
green,  or  yellowish.  Sometimes,  (black  elder)  it  acquires  a  lilao 
tint,  which  almost  immediately  disappears,  changing  to  a 
greeniih-grey-blue,  whortleberries,  black  elder,  privet.    Pass  to  Q. 
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Q.  Treat  a  Bpecimen  of  the  vine  with  alum  and  carbonate  of 
BodiL  (as  directed  at  E.).  Shnke  tlie  niixtitre,  and  after  &  levt 
momenta  throw  it  on  a  filter. 

(a.)  The  lake  remaining  on  the  filter  is  deep  green-blue ;  tlia 
filtrate  is  clear  bottle-green.  A  sample  treated  with  sodium 
carbonate  (aa  at  C)  darkens  and  becomes  gi'ey,  slightly  greenish, 
on  heating  to  boiling.     Black  Elder. 

(6.)  The  lake  is  olear  bluish  or  greenish'.  The  filtrate  is  clear 
bottle-green.  A  sample  treated  with  sodium  carbonate  (as  at  C), 
«nd  heated  to  boiling,  changes  to  diHy  yellowish.     Privet, 

(c.)  The  lake  is  ash-green  faintly  rose-tinted.  The  filtrate 
is  bottle-green,  with  tint  of  maroon.  A  saiiiple  treated  witk 
sodium  carbonate  (according  to  C.)  becomes  ileep  grey  on  being, 
heated  to  boiling.     Whortlebbbbies. 

R.  Treat  a  specimRo  of  the  wine  with  ammonia  and  ether,  U. 
directed  at  J. 

(a.)  The  ether  being  decanted  and  evaporated,  the  fluid  residiu 
becomes  rose-coloured  oa  ti-eatnient  with  acetic  acid.     FtrcnsiNKi 

{b.)  The  liquid  left  aftfi-  tin-  t-viiporiition  of  the  etht-r  does 
not  become  red  on  acidification  with  acetic  acid,  natural  vHtut, 
hollyhock,  whorlleberriet.     Pass  to  S. 

S.  A  sample  is  treated  with  its  own  bulk  of  a  solution  of 
aluminium  acetate  of  2°  B. 

(a.)  The  colour  of  mixture  remains  winey,  natural  witia, 
whortlehemet;  differentiate  between  them,  as  directed  at  L.  (a), 
and  L.  (c). 

(6.)  The  colour  of  the  mixture  becomes  violet-blue,  luillyhoOt, 
uAortleberrieg.     Pass  to  T. 

T.  A  specimen  is  treated  with  alum,  and  sodium  carbonate 
(aa  at  £.),  and  after  a  few  moments  filtered. 

(a.)  The  lake  is  clear  green,  slightly  bluish,  and  rose-tinted, 
filtrate  is  bottle-green,  with  little  maroon.  With  borax  (aa  at 
0,),  particularly  if  the  sample  has  been  concentrated,  the  liquid 
is  grey  with  trace  of  lilac.  2  cc.  of  the  liquid  treated  with 
3  cc.  of  dilute  ammonia  (1  vol.  of  liq.  ammonia  with  10  vols,  rf 
water),  and  the  mixture  diluted  with  its  own  bulk  of  water, 
gives  a  liquid  which  is  yellowish-grey,  greenish  or  greenish-grey. 
The  other  charucteristics  as  at  li.     Whortleberries. 

(6.)  The  lake  is  green,  slightly  bluish,  quite  free  from  rose, 
filtrate  clear  bottle-green.  With  borax  the  liquid  is  greenish 
blue-grey.  With  ammonia  (aa  above),  dark  bottle-green.  With 
aluminium  acetate  (as  at  S),  bluish-violet  coloration.  HoiXTuocK. 

Although  somewhat  difficult,  this  systematic  method  serves 
for  the  discovery  of  several  colouring  mattera  mixed  in  one 
wine,   if  the   indications   of  Tables  A.  and  B.  are  carefully 
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observed;  and  followed.  It  is  always  desirable  to  determine 
the  presence  of  fuchsine  by  the  special  reactions  given  further 
on.  By  means  of  Table  R  the  presence  of  one  or  several  of  the 
colouring  matters  may  be  detected,  but  before  deciding,  it  is  as 
well  to  verify  by  repeating,  for  the  substances  so  found,  the 
reactions  of  Table  A.  on  the  sample  ;  and  also  the  more  special 
characteristics  given  further  on,  for  the  identification  of  those 
substances. 


SPECIAL    REACTIONS    FOR     THE     DETECTION    OF    CERTAIN     OF     THE 
COLOURING  MATTERS   MIXED   WITH   WINES. 

Brazil  Wood. — Even  a  very  strong  clarification  (two  or  three 
times  more  albumen  than  mentioned  at  the  head  of  Table  B.) 
does  not  wholly  decolorise  the  adulterated  wine.  It  becomes 
yellow-buff,  which  on  exposure  to  the  air  gradually  changes  to 
red.  If  a  wine  that  has  been  adulterated  with  Brazil-wood  is 
clarified,  and  then  a  skein  of  scoured  silk,  washed  with  dilute 
tartaric  acid,  be  soaked  in  it  for  twenty-four  hours,  and  then 
withdrawn,  washed,  and  dried  at  60"^  to  70°,  the  silk  will  be 
found  to  be  dyed  lilac-maroon,  or  red.  In  pure  wine,  the  skein 
remains  wine-coloured  or  lilac. 

If  the  dyed  silk  be  now  dipped  into  dilute  ammonia,  and 
heated  to  100°  for  a  moment,  it  becomes  lUac-red,  if  Brazil-wood 
was  present ;  but  deep  grey,  with  scarcely  a  tinge  of  its  original 
colour,  if  the  wine  were  pure.  If  the  ammonia  be  replaced  by 
lime-water,  the  skein  changes  to  ash-grey,  if  Brazil-wood  were 
present)  but  to  a  dark,  dirty  yellowish-red,  if  the  wine  were 
pure.  Finally,  if  the  skein  be  dipped  into  aluminium  acetate, 
and  then  heated  to  100°,  it  retains  its  wine-red  lilac  colour. 
This  reaction  differentiates  Brazil-wood  from  logwood. 

Logwood. — If  the  colour  due  to  logwood  is  in  excess  in  the 
wine,  ammonia  gives  it  a  shade  of  violet ;  if  the  proportion  of 
logwood  is  small,  the  reactions  B,  L,  N,  of  Table  A.,  which  are 
very  delicate,  should  be  tried. 

T^reated  with  a  skein  of  silk,  prepared  in  the  manner  described 
for  Brazil-wood,  it  dyes  lilac-red,  or  maroon,  which  dilute 
ammonia  changes  to  violet-blue  tinged  with  grey,  and  which  by 
acetate  of  aluminium  becomes  bluish-violet. 

Cochineal. — ^The  lilac,  or  roseate  tints  due  to  the  reactions 
A,  B,  H,  K,  of  Table  A.,  are  very  sensitive,  the  last  being  very 
characteristic ;  the  only  substance  likely  to  be  confounded  with 
it  being  the  phytolacca  (Portugal  berries),  which  is  difierentiated 
by  the  reacdon  B.  of  the  same  table. 


ful 
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A.  akeiD  of  scoured  silk,  mordautad  witli  alaminium  aceta^te, 
soaked  in  the  clarified  wine  for  twenty  hours,  Is  dyed  of  a  wine 
violet  colour,  analogous  to  that  of  pure  wine,  on  being  dried  at 
100".  The  colour  doea  not  chan^,  even  at  100°,  by  cuprio 
acetutc  (exclusion  of  fuchsiue) ;  but  if  the  skein  be  dipped  into  a 
dilute  solution  of  zinc  chloride,  heated  to  100°,  and  then  wetted 
with  sodium  carbonate,  washed  with  water  and  dried,  the 
colour  becomes  line  purple,  whereas  with  pure  wine  the  tint 
would  remain  sombre  gray-lilac. 

CochlueeJ  may  be  discovered  by  the  spectroscope  if  present  in 
largo  quanUty,  but  if  it  amounts  to  only  about  13  per  cent, 
of  the  total  coloration,  it  cannot  be  so  detected.  It  rapidly 
separates  from  wines,  being  precipitated  in  the  ieea. 

Fuc/uine. — This  should  be  aooght  for  in  all  wines  foand  to  be 
adulterated  with  other  subatancea.  The  reaction  J  of  Table  R 
is  very  sensitive.  Great  care  mast  be  taken  to  avoid  loss  of 
rosaniline  from  imperfect  deoompoaition  of  its  salts  in  aolution; 
moreover,  arsenic  should  always  bo  sought  for  where  the  wine 

from  the  wines  to  which  it  has  been  added.  A  akein  of  silk 
becomes  dyed  rose  by  soaking  in  a  wine  adulterated  with  fuchsine, 
and  its  colour  passes  to  yellow  on  treatment  with  hydrochloric 
acid,  but  to  bright  red  if  the  wine  was  pure.  The  dyed  skein 
treated  with  dilute  cupric  acetate,  and  dried  at  100°,  becomes 
fine  deep  rose-violet  if  fuchsine  is  present,  and  of  a  lilac  tinged 
with  ash-grey  if '  the  wine  ia  pure.  This  reaction  is  very 
sensitive. 

Pkytoloicca. — (Portugal  berries).  The  rose  or  lilac  colorations 
of  the  re-actions  A  G-,  and  especially  C  of  Table  A.,  are  very 
sensitive. 

B<dlyhock — [Altliea  ro/ea),  much  used.  This  substance  im- 
parts a  peculiar  flavour,  which  in  a  few  months  becomes  actually 
disagreeable,  while  the  colouring  matter  itself  rapidly  precipitates. 
Beetroot. — This  is  generally  employed  only  to  mask  other 
adulterants.  The  lilac  tint  of  reaction  G  of  Table  A,  if  the 
beetroot  is  fresh,  and  the  yellowish  CL)lours  due  to  alkalies 
(reactions  D  E  and  F  of  Table  A.)  are  very  sensitive,  even 
with  old  decoctions. 

Blatk  £lder,  Diourf  £idir.—'rh0  dve^ri  elder  impa.Tts  a  faintly 
terebinthinate  odour  to  the  wm83.  The  berries  of  both  varieties 
are  particularly  used  to  communicate  a  special  colour  and  flavour 
to  port  wine.  The  tsinte  de  FUims,  which  is  largely  used  at 
Fismes,  Paris,  and  elsewhere,  is  made  by  digesting  250  to  500 
parts  of  elder-berries,  and  30  to  60  parts  of  alum,  with  800  to 
$00  parts  of  water,  and  then  submitting  the  mixture  to  prossurs. 
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M.  Maamen^  reports  liaying  discovered  as  much  as  4  to  7  grms. 
of  alnm  per  litre  in  wines  adulterated  with  this  subsi^Bince. 
Sometimes  (though  rarely)  the  alum  is  replaced  by  tartaric  acid. 
Wines  adulterated  with  elder  yield  a  violet-blue  lake  (reaction 
H,  Table  A).  By  comparison  with  pure  wine  the  difference  ia 
very  marked. 

A  piece  of  flannel,  or  skein  of  silk,  mordanted  with  aluminium 
acetate,  heated  for  some  time  in  the  suspected  wine,  then  washed, 
and  immersed  in  water  made  faintly  alkaline  with  ammonia, 
becomes  green  if  the  wine  is  pure,  but  dark  brown  if  black  elder 
is  present.     Probably  the  same  reaction  occurs  with  dwarf  elder. 

Privet. — This  is  very  seldom  used.  The  general  reactions, 
particularly  N  and  P  of  Table  A.,  must  be  relied  on. 

MyrtUle  —  (Whortleberries).  Very  seldom  used,  and  only  for 
the  commonest  wines.  The  principal  characteristics  are  given 
in  L  (c).  Table  B.  In  wines  suspected  to  be  adulterated  with 
this  substance,  citric  acid  should  be  sought  for,  its  presence 
being  one  of  the  best  indications  of  the  adulteration. 

Indigo. — The  reactions  A  (6)  and  B  (6)  of  Table  B.  are  so 
sensitive  that  they  are  alone  sufficient  to  characterise  indigo. 
Wool  or  silk  mordanted  with  aluminium  acetate,  heated  with 
20  to  40  ca  of  the  suspected  wine  nearly  to  dryness,  washed  and 
then  dipped  into  very  dilute  ammonia,  becomes  dirty  green  if  the 
wine  be  pure,  but  blue  if  indigo  be  present. 

Indigo  being  often  used  to  mask  the  too  bright  colours  of 
cochineal  and  fuchsine,  they  should  always  be  sought  for  after 
the  removal  of  the  indigo  by  clarification  with  albumen. 

Indigo  very  rapidly  separates  from  wines,  and  it  may  frequently 
be  found  in  the  lees,  even  when  the  wine  itself  gives  no  indication 
of  its  presence. 

Substances  other  than  those  mentioned  are  occasionally  em- 
ployed for  the  adulteration  of  wines  ;  among  them  are  archil 
residues,  sulpho-purpuric,  and  sulpho-alizaric  acids,  and  their 
salts ;  but  these  have  only  recently  been  introduced,  and  are  not 
yet  seriously  employed.  Except  in  such  cases  as  indigo  and 
cochineal,  it  is  only  upon  a  series  of  concordant  reactions  that  the 
presence  of  an  artificial  colouring  matter  should  be  affirmed. 

10.  Mineral  Substances,  or  Ash, — The  ash  of  a  great  many  wines, 
and  especially  of  sherries,  imported  into  this  country,  consists 
nearly  entirely  of  sulphates.*  This  is  due  either  to  sulphuring 
or  plastering.  It  is  sometimes  found  absolutely  necessary  to 
charge  a  wine  slightly  with  sulphurous  acid,  which  in  course  of 
time  becomes  sulphuric  acid,  and  in  such  a  case  the  chlorides  and 

*  The  sulphuric  acid  in  sherries  ranges  from  1  '5  to  8  grms.  per  litre  (eq^oal 
to  17*5  to  93*5  grains  per  bottle  of  ^  gallon. 
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carbonic  acids  are  diminished  in  the  ash,  the  sulphnrio  ma-eased, 
but  the  total  weight  of  the  ash  itself  is  not  materially  increased, 
Oa  the  other  hand,  plastering  (by  which  is  meant  the  addition  of 
plaster  of  Paris  to  the  grapes  before  they  are  crushed)  has  the 
effect,  by  its  reaction  in  the  cream  of  tartar,  of  producing  a  soluble 
sulphate  of  potassium,  which  may  very  materially  increase  the 
ftsh  of  the  wine. 

Under  absolutely  normal  conditions,  the  Bah  consists  of  car- 
bonate, sulphate,  phosphate,  chloride  of  potassium,  chlorido  of 
sodium,  phosphate  and  carbonate  of  calcium,  with  very  small 
quantities  of  magnesia,  iron,  silica,  and  frequently  lithium  anii 
manganese. 

The  ash  from  a  litre  of  wine  examined  by  Boussiugault  c 
tained — 


PotMh, 0-342 

Udib, 0-092 

MagDeiia, 0'172 

f  hotphonc  Aoid, 0-412 

Hulphnnc  Add, 0-090 

Chlorine a  trace. 

Csrbonic  Acid, 0-250 

Sand  and  Silica, 0006 


gftult  COD- J 


With  regard  to  tlie  analysis  of  the  ash,  &c.,  see  p.  5. 


BIBLIOGRAPHY. 

Bathxiat.— Tnut6  surlea  vins  delaFrnnce. 

Bbbthklot  et  Ue  Fleorien.— Jom-jk  Chim.  Slid.  [3],  1804,  t.  ilvi.,  p.  9Z 
Camerok,  C.  A.~Analyit,  i,,  1877,  j>.  99. 
Chancbl,  O.—Compta  Baidm,  Ixxxiv.  34S-351. 

Chbtallibr.— Xnn.  d'Hyg.,  1850,  t,  t.  ;  1S57,  t.  vij. ;  1870,  t.  xxiii.  ;  I87S;. 
t  ij.,  &o. 


Oaotibb.— BuWL  8oe.  CTim.  [2),  ixv. 

Gkipfin.  J.   J. — "TliB  Cbemical  Testiu.i;  of  Wiaes  and  Siarits."     London, 

1872. 
Haobb.— FAarm.  Ctntral  ITallt,  1872,  No.  27- 
Hassall.— '■  Food  and  Air."  1874. 

Jacqukmin.— £uJj.  Soc  (Jhim.  [2],  xxvj.,  68-71  ;  Anatya,  I,  1877,  148. 
I<4BSAloi'B.-->/(iurn.   Pharm.  ct   Chim.,  4e  aer.,  1870,  t.  xL  ;  Ann.  <£Blig- 

[2],  1831. 
Maunbh^  E.  J.— Traits  Ui6oriqne  et  pratique  du  travail  des  vins.     2e  ed,. 

Pwis,  1874, 
Odkpu,  A^r.—Jovm.  Chim.  Mid.,  4e  mt.,  I860,  t.  vj. 


§  96.]  BRAXDY.  201 

Pastsdiu  — Nouvelle*  obierT&uotii  SDT  ]a  conBervatiou  dea  vins.    Svo,  Parii, 

1868. 
PoooiALK.— /ount.  Pharm.  H  Chim.  [3],  1850,  t.  xiivj.,  p.  164. 
Thouichpm,  J.  L.  W.  and  DcPiig,  A.—"  A  Treatue  on  the  Origio,  Kfttnpft 

and  VarirtiBi  of  Wine."    8vo,  London,  1872. 
VooM,  H.  Vi.—Drut  Chtm.  Gaeli.  Btr.,  ix.,  1900-1911. 


§  9C.  Brandy,  id  its  present  form  (Cognac),  is  a  spirit  deriveJ 
from  the  distiilation  of  wine ;  inferior  varieties  are  made  fi-om 
the  refau  of  grapes,  with  admixture  of  other  materials.*  The 
constituents  of  brandy  are — alcohol,  water,  acetic,  (Boanthic  (ethyl 
pelargonate),  butyric,  and  valerianic  ethers,  small  quantities  of 
grape  sugar,  minute  quantities  of  a  volatile  oil,  colouring  matter, 
&  trace  of  tannin,  acetic  acid,  And  a  little  fixed  acid.  The  specific 
gravity  of  genuine  brandies  varies  from  -929  to  '934  ;  the  solids 
from  1  to  1-5;  ash,  -04  to  -2;  acidity,  '01  to  -05  (reckoned  as 
tartaric  acid) ;  and  the  sugar  from  0  to  '4  per  cent. 

The  adulterants  to  be  looked  for  are — methyl  and  amylic 
alcohols,  tannin  in  excess,  siilpliuric  acid,  lead,  copper,  zinc,  and 
hot  principles,  such  as  cayenne.  The  estimation  of  alcohol  and  the 
examination  of  the  distillate  are  elsewhere  described  (see  p.l3D). 
Any  acetic  acid  will  be  found  in  the  distillate,  and  can  bo  esti- 
mated by  volnmetric  solution  of  soda.  Fixed  free  acids  will 
remain  in  the  residue,  and  (if  no  free  mineral  acid  is  detected) 
may  be  estimated  volu metrically,  and  returned  as  tartaric  acid 
(1  CO.  of  d.n,  soda  =  -0075  tartaric  acid). 

If  the  residue  taste  hot  and  pungent,  some  sophistication,  such 
88  capsicnm,  must  be  present ;  an  attempt  should  be  made  to 
separate  such  hot  substances  in  a  comparative  state  of  purity  by 
benzole,  ether,  &c. 

If  the  brandy  is  coloured  by  caramel  alone,  on  the  addition  of 
a  persalt  of  iron  there  will  be  no  deepening  of  tint ;  if,  on  the 
contrary,  the  colouring  be  derived  from  the  cask,  and  the  brandy 
contain  tannin,  it  will  deepen  very  decidedly  in  colour. 

*  Tlie  bnndy  made  in  England  ia  for  tbe  moat  put  artificial.  A  vary 
nsnal  proceaa  ia  to  add  to  every  100  parta  of  proof  spirit  from  half-a^ond 
.- 1    _, .    i_  ,_.j    ., 1  _, _„j  -    1  of  good 


ponnd  of  argol,  tome  brniaed  Frencli  plnma,  and  a  quart  o 
~ ;  the  mixture  ia  Uien  djitilled,  and  a  little  acetic  ether,  iwiuuii 
nt  swr  added  afterwardi. 

dal  CoEiuo  la  aometime*  made  by  oxidiaing  palm-oil  by  potuaio 
at*  MMl  •nlphnrio  add,  and  then  distilling  it  with  70  pec  cent,  of 
•ad  oonoantnted  ml^uio  aoid.    n<>i«iitiiin  etbar  is  among  tha 
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Since  it  Appears  that  iu  some  of  the  reoeipts  of  the  trader 
tincture  of  oak  bark  ia  used  *  should  the  precipitate  by  a  persalt 
of  iron  be  very  evident,  the  amount  of  tannin  must  be  estimated*. 

The  direct  addition  of  SH^  to  acidified  apitits  prodnow 
a  sufficiently  perceptible  dark  colour,  should  lead  or  copper  ba 
present  in  any  qufmtity  ;  for  this  the  reader  is  also  refeired  to 
the  special  testa  (described  in  the  second  part  of  this  work). 
If  zinc  be  sought,  the  spirit  should  be  evaporated  to  dryneap 
padding  first  a  little  carbonate  of  soda),  the  residue  bum^  )uid 
the  process  completed,  as  described  iu  the  article  on  Zine. 


VL— BUM. 

§  07.  The  best  mm  is  distilled  ftrom  fermented  mol&SM^I 
Inferior  kinds  from  the  debris  of  the  sugar-caue.  In  Fnuioe  ^ 
considerable  amount  of  spirit  is  also  derived  &om  the  molassoi 
of  the  beetroot-sugar  factories.  The  specific  gravity  of  rum 
varies  from  SH  to  -02% ;  it  is  usually  a  strong  spirit,  genuine 
rum  never  falling  below  50  per  cent,  of  alcohol,  and  often  reach- 
^ing  as  high  as  70  per  cent.  It  is  always  slightly,  acid  (about  '5 
per  cent.)  The  solid  residue  varies  from  '7  to  1'5  per  cent.  It 
may  contain  sugar;  the  proportion  of  ash  ia  very  small,  seldom 
more  than  -1  per  cent.  The  analysis  ia  carried  out  strictly  on 
the  principles  before  described. 


VIL— WHISKY. 

§  98.  Whishf  ia  one  of  the  corn  spirits,  and  is  usually  manu- 
factured from  malted  grain.  The  Scotch  distillers,  for  the  most 
part,  make  it  entirely  from  a  malt  mash,  the  Irish  use  malt  and 
raw  grain;  but  in  both  countries  there  are  considerable  differ- 
«nee9  in  its  manufacture.  The  new  whisky,  impregnated  with 
foasel  oil,  is  called  "pot-still  whisky."  This  liquor  ia  oftaa 
blended  with  so-called  improvers,  "  Hambro "  sherry,  prims 
wine,  Jcc.  The  specific  gravity  of  whiskies  is  usually  from  "915 
to  -920;  alcoholic  strength  from  50  to  60  per  cent.;  total  extract 

•  Mr.  Griffin  fonnd  a  larae  quantity  of  tannin  in  a  sample  of  lirandy.  He 
explains  tbe  cirtnmatance  by  the  fotlawin^  receipt  for  the  manufoctnre  of 
Cognac:— Take  of  acetic  ether  three  quartcra  of  a  pound.  French  wine  eight 
quarts,  oakbark  tincture  (made  with  a  quarter  pound  of  oak  hark  and  half 
a  quart  of  spirit)  half  a  quart,  purified  spirits  so  much  as  to  brin^  the  whole 
to  150  quarts  of  51  per  cent  b;  Trallea.  —"Chemical  Testing  of  Wines  and 
Spirits.''    .By  John  J,  Griffin,  T.C.S.,  London,  1872. 
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under  1  per  cent. ;  it  lias  a  minute  quantity  of  volatile  acid  (sel- 
dom, perhaps  never,  so  high  as  '1  per  cent.),  reckoned  as  acetic, 
and  a  trace  of  ash.  If  sugar  is  found,  it  must  have  been  added. 
§  99.  Adidterationa  of  Whisky. — The  chief  adulterant  popu- 
larly supposed  to  be  mixed  with  whisky,  is  potato  spirit,  or  fousel 
oil;  but  besides  this,  methyl  alcohol,  creosote,  fixed  acids,  and, 
generally  speaking,  the  sophistications  used  for  the  other  spirits, 
have  either  been  proved,  or  their  presence  suspected,  as  fraudu- 
lent additions.  With  regard  to  fousel  oil,  small  quantities  in 
ordinary  whisky  are  incidental  to  its  manufacture,  and  not  an 
adulteration.  The  only  estimations  of  the  exact  quantity  of 
fousel  oil  in  whisky  that  we  have,  are  probably  those  contained 
in  Dr.  Dupre's  paper  before  quoted.*  Dr.  Dupr6  found  in  a 
sample  of  Scotch  whisky — 


For  100  of  Ethylic  Alcohol,    . 

OiO  per  cent.  Amylic. 

Cape  Smoke, 

0-24        ,, 

Common  Samshoe, 

018        „ 

Fiae              ,,        .        .         . 

013        „ 

Since  these  appear  to  be  the  only  determinations  worthy  of 
any  credit,  it  is  difficult  to  say  what  quantity  of  amylic  alcohol 
denotes  adulteration,  and  the  question  becomes  a  medical  one— 
viz.,  Whether  fousel  oil  is  injurious  or  not;  if  it  is,  how  much  is 
injurious  % 

fc^  §  100.  Action  of  Foicsel  OH. — That  fousel  oil  is  injurious  (we 
may  say,  indeed,  poisonous)  is  evident  enough  from  experi- 
ments on  animals  and  men,  e.g.,  Eulenbergt  allowed  30 
grma.  of  amyl  alcohol  to  evaporate  in  hot  sand  in  a  zinc 
box  in  which  a  kitten  was  confined.  After  half  the 
quantity  had  been  put  in,  the  symptoms  immediately 
commenced,  and  in  an  hour  the  animal  lay  partly  insen- 
sible, breathing  with  difficulty,  and  shivering.  There  was, 
however,  no  full  narcosis,  and  it  recovered  in  four  days.  In 
another  experiment,  in  which  40  drops  of  amyl  alcohol  had  been 
administered  to  a  kitten,  after  seventeen  minutes  there  was 
palpitation  of  the  heart,  irregular  breathing,  and  relaxation  of 
the  limbs,  and  in  twenty-two  minutes  there  was  full  anaesthesia. 
The  animal  recovered  after  a  short  time,  the  heart's  action 
remaining  more  frequent  than  usual  until  the  next  day.  Cross  J 
observed  similar  symptoms  in  pigeons  and  kittens,  in  the  latter 
the  respiration  was  stertorous.     Ilabuteau§  states  that  1  of  amyl 

•  Analyst,  i.,  1876,  p.  6.  t  Oewerbe  Ilf/f/^en^^  1876,  p.  440. 

t  Cross:  de  TAlcohol  Amyliqae  et  Methyl  sur  rOrganisme.  These. 
Strasburg,  1863. 

I  Rabateau :  Ueber  die  Wirkin^  des  ^Etihyl,  Butyl,  nnd  Amyl  Alkohols. 
L'Uiuon,  Nos.  90,  91,  1870.     Schmidt's  Jahrb.,  Bd.  149,  p.  233. 
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alcohol  in  500  of  water  causes  anaesthesia  in  frogs  in  twenW" 
minutes ;  the  heart's  action  becomes  slower,  and  the  skin  dartji 
and  in  about  two  hours  death  occvira,  the  cardiac  pulsationi 
gradually  ceasing.  Dr.  Fnrst  of  Berlin  killed  a  rabbit  wilb 
about  7'G  grms.  [2  drachms),  injected  into  the  stomach  ;  another/ 
however,  recovered  from  the  same  dose. 

Aetion  on  Man. — Men  engaged  in  tho  manufacture  of  potat<>" 
spirit  suffer  from  headache  and  general  nervous  indiapositioBf 
iinle.33  the  vapours  are  conducted  away  from  them.  An  expstin 
nient  by  Cross  on  himself  showed  that  the  vapour  caused  inlenio 
aching  and  heaviness  of  the  head,  and  other  unpleasant  symptomOi- 
It  has  also  been  shown  that  20  cgmB.  (30  grains)  of  amyl  alcofatd 
taken  internally  produce  slight  aymptoms,  the  action  being  ii 
stimulating,  then  depressing. 

From  the  foregoing  we  are  now  in  some  degree  able  to  judge 
what  amount  of  amytic  alcohol  would  probably  have  immediate 
injurious  effects ;  a^  to  the  chronic  effects  of  small  doses  nothing 
definite  is  known.  Turning  to  Dr.  Dupr^'s  first  sample  (a 
Scotch  whisky  containing  ■!!)  of  amylic  to  every  100  of  othylic 
nJcohol,  the  whisky  itself  containing  I)i*5  per  cent,  of  alcohol),  it 
would  appear  that  such  a  whisky  has  about  '49  of  amylic  alcohol 
to  the  ounce.  A  person  taking  2  ounces  of  such  a  liquid 
vouid  thus  swallow  nearly  a  grain  of  amylic  alcohol,  and  u  it 
contained  three  times  the  quantity,  the  active  properties  of  the 
amylic  would  be  added  to  that  of  tlie  ethylic;  for  it  would 
then  be  equal  to  about  3  grains,  the  lowest  amount  at  which 
distinct  effects  can  be  obtained.  Anything,  therefore,  like  1^ 
grains  of  amylic  alcohol  per  ounce  (irrespective  of  the  question 
whether  such  a  whisky  may  be  pronounced  adidlerated  or  not), 
may  certainly  be  considered  injurious  to  health.  The  analysis 
of  whisky  is  carried  out  precisely  upon  the  principles  alrMdy 
detailed. 

§  101.  Legal  Case  relative  to  Whisky. — The  prosecntiona  for 
mei-e  dilution  of  whisky  have  been  rather  frequent,  especially  in 
the  north  of  England ;  but  very  few  convicUona  for  other  adul- 
terations appear  to  have  been  obtained.  Tho  following  case 
presents  sufficient  points  of  interest  to  deserve  quotation  : — 

At  the  Greenock  Police  Court,  W.  D.  was  accused  of  telling  to  t*» 
women  foar  gilU  of  whisky  adulterated  with  fixed  acid  in  a  free  atate*     .    . 
The  analyst  stated  that  the  Lqaor  contained — 
Bjr  Weight  per  unL 

31  '5    Alcohol     =     74  -3C  Proof  Spirit 
6-42  Filed  Acid. 
!|-87  Volatile  Acid. 
32-20  Aah. 


S  102,  103,  104,  105.  J 
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The  adulteration  did  not  materially  increase  the  weight  of  the  whisky,  and 
it  was  not  hartful,  but  the  liquor  was  of  inferior  quahty.  Although  volatile 
acid  was  sometimes  found  in  whisky  from  natural  causes,  it  did  not  occur  in 
«o  large  a  quantity.  He  was  of  opinion  that  it  had  been  added  in  the 
present  case  in  the  form  of  sherry  wine.  Volatile  acid  had  the  quality  of 
changing  the  tone,  aod  ^viog  it  a  little  flavour.  The  fixed  acid  could  not 
be  present  in  pure  whisky  unless  it  had  been  added.  A  penalty  was 
imposed  by  the  court.— iS'an.  Record,  L,  1874,  442. 


VIII. -GIN. 

§  102.  Gin  is  a  spirit  flavoured  with  various  substances. 
different  receipts  used  in  the  trade  include — 

Cardamom  seeds. 
Liquorice  powder. 
Grains  of  Paradise. 
Cassia  buds. 


The 


Juniper  berries. 
Coriander  seeds. 
Orris  root. 
Angelica  root. 


Calamus  root. 


These  generally  impart  their  essential  oils  to  the  spirit.  A 
few  of  the  more  important  will  be  described  here,  others  are 
mentioned  elsewhere.     (See  Index,) 

§  103.  Oil  of  Calamus, — The  oil  distilled  from  the  root  of 
the  calamus,  is  somewhat  thick,  yellow,  or  brownish-yellow 
neatraly  specific  gravity  0*950  to  0*952 ;  after  rectification,  0*950 ; 
boiling  point,  196°C.  It  contains  oxygen,  is  but  slowly  changed 
VjT  sodium,  and  does  not  fulminate  with  iodine.  It  dissolves 
in  all  propoi*tions  in  alcohol  and  bisulphide  of  carbon.  The 
spirituous  solution  of  the  oil  takes  a  brown  colour  on  the  addi- 
tion of  a  little  chloride  of  iron. 

§  104.  Oil  of  Cardamoms  is  a  pale  yellow  oil,  with  a  strong 
smell  of  cardamoms,  of  neutral  reaction,  of  specific  gravity  0*92 
to  0'94.     It  contains  a  stearoptene  of  the  formula  Ci^HigSHgC* 

§  105,  Angdica  root  contains  a  volatile  acid — Angelic  acid — a 
bitter  principle,  a  crystalline  substance— -4  rj^e^ictnc — a  resinous 
substance,  an  essential  oil,  and  other  constituents. 

Angelic  Acid,  CgHgOg,  forms  transparent  glittering  prisms  and 
needles,  melting  at  44**  to  45®C.  into  an  oil,  which  may  be  solidi- 
fied at  O^'C.  into  a  crystalline  solid.  If  the  heat  be  raised  up  to 
190^.  it  boils  and  distils  unchanged ;  it  is  inflammable,  burning 
with  a  luminous  flame.  The  acid  reddens  litmus,  and  has  the 
odour  of  the  root.  It  scarcely  dissolves  in  cold  water,  but  is 
soluble  in  hot,  in  alcohol,  ether,  turpentine,  and  the  fatty  oils. 

*  HussMANX.-— Die  Pflaozenstofle. 
Dimas  and  PiuaoT.— ^n/i.  Chim.  Phys.  [2],  Ivii.  334. 
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]  t  forma  salte  with  bases,  wliicli  lusc-  a  pai^  of  tLe  acid  on  erapo- 
ralion.  It  precipitates  k-nd  and  tiUver  salts  white ;  iron  salts. 
(jai'k  yellow  ;  and  copper,  bltiiali.  By  the  aid  of  hydiic  iodide 
and  ri;d  pboBphoniH,  acting  at  180°  to  200^,  angelic  add  i; 
changed  into  vaieriaDic.  Melting  the  acid  with  KHO  decom- 
poses it  into  propionate  and  acetate  of  potash. 

Angelicine  is,  according  to  Brunner,  probably  identical  witli 
hydrocarolin,  a.  prijiciplo  described  by  Husemann,  found  in  the 
iJaucng  carota,  L.,  and  to  which  the  following  fominla  ia  ascribed, 
C|gHjj,0.  Hydrocarotin,  or  augelicine,  forms  colourless,  largt 
thm  plates,  without  smell  or  taste,  swimming  in  wnter,  and 
becoming  at  100°  hard  and  brittle.  At  higher  teraperatares 
(120'(>)  it  meltH  without  loas  of  weight  to  a  yellow  fluid,  which 
eolidifit-s  as  a  resinous  mass,  and  cannot  be  again  cryBtallised. 
It  is  readily  soluble  in  ether,  chloroform,  carbon  bisulphide, 
benzine,  oil  of  turpentine,  and  warm  olive  oil.  It  is  not  changed 
in  colour  by  concentrated  hydrochloric  add ;  ^ming  nitric 
acid  dissolves  it  with  the  evolution  of  gas.  Concentrated  huI- 
jihuric  acid  dissolves  it  to  a.  red  tliiiil,  ilcpusitiiig  hnjwi.isli-white 
flakes  on  dilution  with  water. 

Angelica  Oil  is  colourless,  and  lighter  than  water;  it  has  a 
penetrating  odour  and  camphor-like  taste,  and  resinifles  on 
exposure  to  the  air.* 

§  ICC.  OH  of  Coriander  is  a  pale  yellow  oil,  smelling  like  the 
fruit ;  of  specific  gravity  "871  at  \A°C.,  and  a  portion  distilling 
over  at  150°C.  The  volatile  part  corresponds  to  the  formula, 
CjgH^gHjO  ;  the  portion  of  a  higher  boiling  point  to  ICujHjgHjO. 
If  both  portions  ai-c  distilled  with  phosphoric  anhydride,  a 
powerfully  odorous  camphor,  C,|,Hjg,  is  produced.  I 

§  107.  Oii  o/Jwdper  is  contained  in  the  unripe  ben-ies  of  the 
common  juniper,  in  the  proportion  of  from  '4  to  -75  per  cent. 
It  ia  colourless,  or  of  a  pale  yellow,  dissolving  with  turbidity 
in  twelve  parts  of  alcohol  of  0-83  per  cent,  and  miacible  in  all  pro- 
portions with  ether  and  bisulphide  of  carbon.  Smell  and  taste 
mildly  aromatic     Specific  gravity  0'862  to  0-874,  but  the  poorer 
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oommercial  samples  often  have  a  specific  gravity  of  0*860.  The 
perfectly  colourless  oil  does  not  fulminate  with  iodine,  but  the 
commoner  kinds  explode  powerfully.*  If  5  to  6  drops  of  the  oil 
be  placed  in  a  test  tube,  and  five  times  its  bulk  of  sulphuric  acid 
be  added,  much  heat  is  developed  with  the  evolution  of  vapour^ 
and  the  fluid  becomes  dark  yellow-red  and  turbid;  on  now 
dilating  with  10  cc.  of  90  per  cent,  alcohol,  the  colour  changes 
to  a  somewhat  dirty  rose  tint.  The  pure  oil  boils  between 
140**  and  150** ;  it  polarises  to  the  left.  On  exposure  to  the  air^ 
oxygen  is  absorbed ;  and  on  long  standing,  colourless  tables  of 
juniper  camphor  are  separated.  This  camphor  melts  and  sublimes 
without  decomposition,  is  easily  soluble  in  ether  and  alcohol^ 
and  may  be  obtained  in  feathery  crystals. 

The  action  of  warm  water  in  juniper  oil,  if  kept  up  for  some 
considerable  time,  results  in  the  foimation  of  a  crystalline 
hydrate.  Oil  of  juniper  is  officinal  in  all  the  Continental 
pharmacopeias,  as  well  as  our  own.  In  such  large  doses  as  15  to 
30  grms.,  it  is  fatal  to  kittens,  apparently  acting  in  the  same  way 
«8  turpentine,  t 

§  108.  Analysis  of  Gin. — The  analyst  should  find  in  good  gin  at 
least  80  per  cent,  of  proof  spirit,  and  a  variable  amount  of  sugar 
and  flavouring  matters,  seldom  much  over  5  or  6  per  cent.  Sul- 
phtiric  acid,  sulphate  of  zinc,  alum,  and  lead  should  always  be 
looked  for.  Many  writers  seem  to  imagine  that  grains  of  para- 
dise is  an  adulterant  It  is,  however,  merely  a  pepper,  and 
much  nonsense  has  been  talked  about  it.  It  is  very  doubtful 
whether  any  just  conviction  would  be  obtained  for  the  addition 
of  any  harmless  flavouring  to  the  spirit ;  nearly  all  prosecutions 
hitherto  have  been  for  dilution,  and  for  dilution  only.  It  appears 
that  no  genuine  gin;{;  is  sold  to  the  retailer  22  under  proof,  and 

*  It  is  said  that  the  oil  from  the  unripe  fruit  explodes,  that  from  the 
folly  ripe  berries  losing  this  property. 
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enytliing  below  this  may  be  retunied  by  tho  analyst  an  iidul- 
terated. 

The  alcoliol  should  be  determined  by  distillation,  as  before 
described  {p.  129),  and  the  percentage  in  the  distillate  estimated 
by  specific  gravity,  and,  if  necessary,  in  other  ways.  Neither 
methyl  alcohol  nor  fonsel  oil  appears  to  have  been  found  in  gin. 

Tlie  residue  after  the  diHtillatioa  may  be  treated  Tvith  petro- 
leum etJier,  benzine,  ic,  as  in  Dnw^endorfTs  procesafov  tho  testinj; 
of  beers.  The  essential  oils  will  be  taken  up  hy  the  petroleum 
ether,  and  may  be  identified  by  their  odour  and  taste,  and  (if 
enough  is  obtained)  by  their  physical  proportiest  Swlphurie 
acid,  if  ill  a  free  state,  may  be  separated  by  quinine,  as  recom- 
mended under  article  Vinegar.  The  detection  of  alum,  lead,  and 
zinc  ia  elae where  described. 

Justice  r.rove  concurred  ;  in  hig  opinion,  when  it  was  proved  that  tho  gin 
coutained  eo  mnch  more  water  thau  gin  aa  ordinarily  sold,  the  oiina  wu 
thrown  on  the  seller  of  iiroving  that  he  wna  not  iware  of  the  atste  in  which 
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VINEGAR. 


§  109.  ConstUuentsqfCommercicU  Vinegar, — Commercial  vinegar 
is  a  more  or  less  impure  acetic  acid,  containing  usually  acetic  acid, 
acetic  ether,  alcohol,  sugar,  gum,  extractive  matter,  alkaline 
acetates  and  tartrates,  a  variable  amount  of  salts  (depending 
on  the  substances  from  which  it  has  been  produced),  and 
legally  not  more  than  one-thousandth  of  its  weight  of  pure 
sulphuric  acid. 

§  110.  Vcmetiea  of  Vinegar. — The  chief  varieties  of  vinegar  are 
as  follows : — 

(1.)  Jfalt-Vinegar. — The  great  majority  of  commercial  vinegar 
in  this  country  is  derived  from  the  acetous  fermentation  of  a 
wort,  made  frx)m  mixtures  of  malt  and  barley.  Malt-vinegar  is 
of  a  decided  brown  colour,  in  specific  gravity  varying  from  1-017 
to  1*019;  it  is  of  various  degrees  of  strength,  the  manufacturers 
distinguishing  different  kinds  as  No.  18,  20,  22,  and  24  respec- 
tively, the  last  being  the  strongest,  and  containing  about  4*6  per 
cent,  of  acetic  acid.  That  made  by  one  of  the  largest  firms  in 
this  country  will  be  found  to  contain  from  '1  to  '16  per  cent,  of 
combined  sulphuric  acid,  and  from  -04  to  '08  per  cent,  of  chlorine, 
as  chlorides. 

(2.)  Wine-Vinegar  is  the  chief  vinegar  in  Continental  commerce. 
It  is  prepared  from  grape-juice  and  inferior  new  wines ;  that  made 
from  white  wine  is  most  esteemed.  The  wine-vinegars  vary  in 
colour  frt)m  pale  yellow  to  red;  they  have  nearly  always  an 
alcohoKc  odour;  specific  gravity  from  1*014  to  1*022.  A  litre  of 
Orleans  vinegar  (according  to  Chevallier^s*  recent  analyses  of 

•yaurn.  d^Hyrr..  1877,  No.  45. 
P 
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actual  samples)  suturatea  from  G  to  7  gvms.  nf  dry  oarbonat*  of 
soda.  The  extract  fi-om  pure  wine-vinegar  varies  from  1-7  to  2-i 
per  cent.,  the  average  being  2'05  per  cent^,  and  usually  coutaias 
■35  grm.  of  tartrate  of  potash. 

Vinegars  of  limited  use  are — GlueoM-vinegar,  recognised  chiefly 
by  Iho  presence  of  dextrine,  which  may  be  precipitated  by 
alcoliol ;  beer-vinegar,  from  sour  ale;  cider-vinegar,  mftde  both  from 
npples  and  pears ;  crab-vinegar,  made  from  the  crab  apple,  and 
used  nearly  all  over  Wales  and  Moumouthahii'e ;  and  various 
ai-tificial  vinegarH. 

5  111.  AdiUlerationa. — The  adulterations  of  vinegar  are — 

(1.)  Water. 

(2.)  Mineral  aeiJa,  especially  Bnli>huric,  more  rarely  hydro- 
chloric, and  still  more  rni'ely  nitric  acids. 

(3.)  Metallic  adultenttions,  -or  ratlier  impurities ;  bucU  as 
arsenic,*  derived  from  sulphuric  acid,  coiiper,+  lead,  zinc,  anJ 
tin,  from  the  solvent  action  of  the  acid  on  any  metallic  aarfiwes 
with  which  it  may  have  come  in  contact. 

(4.)  Pyroligneous  acid. 

(A.)  Various  organic  substances,  such  as  colouting  agents,  and 
capsicum. 


§  112.  Analysis  of  Vinejar. 

(1.)  Wnler. — Vinegar  should  contain  at  least  3  per  cent,  of 
acetic  acid,  and  if  it  docs  not  do  so,  it  may  be  safely  returned  as 
adulterated  with  water ;  for  it  then  is  so  dilute  aa  certainly  not 
to  be  of  the  nature  and  quality  of  the  substance  usnally  sold  as 
vinegar.  The  strength  of  vinegar  may  be  accurately  estimated 
hy  distilling  110  cc,  until  100  cc.  have  been  drawn  over,  that  is, 
ten-elevenths.  The  100  co.  will  contain  80  per  cent,  of  the  whole 
acetic  acid  present  in  the  110  cc,  and  may  he  titrated;  or  the 
specific  gravity  of  the  distillate  may  be  taken,  and  the  strength 
found  from  the  following  table  : — 

*  "  The  observation  of  M.  Desclmmps  iadaced  us  to  analyse  a  vin^ir 
Bold  by  a  certaJQ  SieurC.  .  .  .  The  presence  of  arsenic  m  tbii  Tinegtr 
was  ascertained,  and  the  Sieur  C.  was  comiielled  to  confiiBB  that  the  vinwu 
had  been  mixed  with  wood-vineoar.  On  resorting  to  the  person  who  &r- 
nished  the  latter  product,  the  whole  nf  tbe  wood-vinegar  in  his  posteaioa 
was  fbnnd  arsenical,  and  seized,  in  order  to  be  employM.  only  for  mduttml 
use."— Le  Vinaigre,  Chevallier,  Joum.  dliyg..  No.  4G,  June,  1877. 

•Y  Seven  out  of  twelve  eamples  of  vioegar  sold  in  Paris,  and  analysed  by 
Alfred  Biche,  contained  copper  vailing  from  5  to  15  mgioE.  per  litre.  Joim. 
PAarm.  CAint,  [4],  xxvj.,  23-28. 
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Per  cent.                                                              Specific  Grarity 

1 1001 

2 

1-002 

3 

1-004 

4 

1-005 

5 

1-007 

6 

1-008 

7 

1-010 

8 

1-012 

9 

1.013 

10 

1-015 

11 

1-016 

12 

1-017 

13        . 

1-018 

14 

1-020 

15 

1-022 

16 

1-023 

17 

1-0-24 

18 

1-025 

19 

1-026 

20 

1-027 
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It  will  be  necessary  to  test  the  distillate  for  the  presence  of 
hydrochloric  acid,  and  also  to  take  the  acidity  of  the  vinegar 
without  distillation,  so  as  to  control  the  results. 

The  titration  of  vinegar  may  be  made  with  ordinary  soda 
solution,  and  approximate  results  obtained.*  If  absolutely 
accurate  determinations  are  required,  it  is  best  to  add  an  excess 
of  carefully  weighed  pure  carbonate  of  lime  to  a  known  weight 
of  the  vinegar;  the  liquid  is  boiled,  filtered,  and  the  residual 
carbonate  of  lime  filtered  off,  dissolved  in  slight  excess  of  normal 
hydrochloric  acid,  and  titrated  back  with  caustic  soda  and 
cochineal  solution.  From  the  amount  of  carbonate  thus  found 
to  have  been  unacted  on  by  the  vinegar,  the  total  acidity  is 
calculated. 

(2.)  Mineral  Adds, — A  great  many  commercial  vinegars  con- 
tain no  trace  of  free  mineral  acid  ;  and  it  has  been  amply  shown 
that  although  one-thousandth  of  free  sulphuric  acid  is  allowed  by 
law,  such  addition  is  not  by  any  means  necessary  for  the  preser- 
vation of  the  vinegar.  The  mineral  acid,  if  present,  is  nearly 
always  sulphuric,  occasionally  hydrochloric,  and  still  more  rarely 
nitric  acid. 

Jlf^rochlorlc  Acid  is  detected  by  the  distillation  already 
described,  and  the  testing  of  the  distUlate  with  nitrate  of  silver. 

JSfitric  Acid  may  (in  the  absence  of  other  reducing  agents)  be 
detected  by  the  rapid  decoloration  of  a  solution  of  Indigo  carmine 
added  to  the  boiling  vinegar. 

*  The  molts  are  only  approximate,  because  sodic  acetate  has  itaelf  a  feeble 
•iir^4«Mi  reaction* 
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Sulphuric  Add  cannot  be  detected  by  the  uaual  cbloride  of 
bariuia  test,  for  it  fnils  to  diatinguiah  between  free  and  eombined 
Bulphuric  acid.  The  charring  effect  of  the  acid  on  paper,  on 
sugar,  or  its  action  o^  atarch  (formerly  taken  aa  the  basis  of  the 
older  tests),  is  now  replaced  by  more  scientific  methods,  and  accd 
not  be  described  here. 

One  of  the  moat  speedy  tests  for  the  preaenco  of  mineral  acids 
is  that  proposed  by  A.  Hilger"  ; — Two  or  three  drops  of  a  solu- 
tion of  methyl  aniline  violet  (-01  ;  100)  are  added  to  25  cc.  of 
vinegar ;  if  pure,  no  colour  is  produced ;  but  if  "2  per  cent,  of  any 
mineral  acid  is  present,  the  colour  is  blue ;  or  if  '5  per  cent.,  blae- 
grcen  ;  and  if  1  per  cent.,  green. 

Another  useful  teat  ia  that  of  M.  8trohl;t  it  is  based  on  the 
well-known  fact,  that  oxalate  of  lime  is  insoluble  in  acetic,  but 
soluble  in  mineral  acids.J  The  solutions  requisite  are — e,  solu- 
tion of  calcic  chloride  {15-1  grms.  to  the  litre)  and  a  solution  of 
cryatalliaed  ammonio  oxalate  (28'4  grma.  to  the  litre) ;  |  cc.  of 
each  of  these  liquids  ia  added  to  51)  co.  of  the  vinegar  under 
examination,  and  if  tjio  turbidity  wliicli  is  at  first  produced  does 
not  disappear,  the  liquid  contains  less  than- — 

1-70  grm.  per  cent,  sulphuric  acid  (specific  gravity  1-843)  per  litre. 
2-85  „         hydrochloric  acid  (       „  „        M74)       „ 

4-40  „         nitric  acid  (       „  „        1-174)       „ 

The  test,  without  claim  to  great  accuracy,  ia  extremely  use- 
ful; for  if  any  suspicious  indication  be  observed,  the  vinegar 
may  be  then  submitted  to  a  more  elaborate  examination  for 
free  acids. 

As  apeedy  as  any  of  the  foregoing,  and  at  once  more  scientific 
and  accurate,  ia  the  process  introduced  by  Mr.  Hchner.  Its 
principle  is  based  upon  the  fact  that  vinegar  always  contains 
potash  and  soda  salts  of  the  organic  acid  ;  hence,  it  is  obvious 
that  sulphuric  or  hydrochloric  acids,  if  added  in  small  quantity, 
merely  decompose  an  equivalent  quantity  of  acetate  or  tartrat«, 
as  the  case  may  be,  and  as  free  acids  immediately  disappear;  but  if 
added  in  excess  of  the  amount  of  acetates  and  tartrates,  the  excess 
remains  as  free  acid.  It  tlms  follows,  that  if  any  undecomposed 
acetate  or  tartrate  exists  in  the  vinegar,  it  is  impossible  for  a 
free  mineral  acid  to  be  present ;  and  since  the  acetates  and  tar- 
trates are  decomposed  by  ignition  into  carbonates,  the  readiest 
way  to  ascertain  their  existence  is  to  examine  the  ash  of  the 

•  Arehiv.  der  Phamuicit,  187G,  103. 
+  Arch.  Pharm.  [5],  4,  342-34& 
J  Ibid. 
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Tinegar  for  carbonates.  If  that  ash  is  neutral,  free  mineral  acid 
is  probably  present;  if  alkaline,  no  free  acid  can  be  present, 
although,  of  course^  a  small  quantity  may  originally  have  been 
added. 

The  qualitative  test  devised  by  Mr.  Hehner  is  also  made 
quantitative.  If  an  accurately-estimated  volume  of  d.  n.  soda 
solution  is  added  to  a  known  quantity  of  the  vinegar,  so  as  to 
neutralise  slightly  in  excess  the  total  amount  of  free  mineral  acid 
present,  on  ignition  the  alkalinity  of  the  ash  gives  the  measure 
of  the  quantity  of  free  sulphuiic  or  hydrochloric  acid!  The  exact 
details  of  this  operation;  as  practised  by  Mr.  Hehner,  are  as 
follows : — 50  ca  of  the  vinegar  are  mixed  with  25  cc.  of  d.  n. 
soda ;  the  liquid  is  evaporated  on  the  water-bath  in  a  platinum 
basin,  the  residue  dried  at  about  110°C.,  and  carefully  incinerated 
at  the  lowest  possible  temperature — the  ash  need  not  be  burned 
white.  25  cc.  of  a  d.  n.  sulphuric  acid  solution  are  now  added  to 
the  ash,  the  liquid  heated  to  expel  free  COj,  and  filtered.  The 
filter  is  washed  with  hot  water,  litmus  added,*  and  the  acidity 
ascertained  by  d.  n.  soda.  The  volume  of  soda  necessary  for 
neutralisation  directly  gives  the  propcHlion  of  free  mineral  acid 
present  in  the  vinegar,  100  cc.  of  d.  n.  con^esponding  to  *49  grm. 
of  H2SO4.  If  the  amount  of  alkali  originally  added  should  have 
been  insufficient,  it  is  necessary  to  recommence  the  experiment. 
For  this  reason  Messrs.  Allen  and  Bodmer  made  some  experimeiits, 
in  which  the  preceding  manipulation  was  modified  by  neutralis- 
ing the  whole  of  the  acid,  organic  and  inorganic,  by  soda  solution. 
The  results  were  satisfactory,  but  great  care  must  be  taken  to 
titrate  accurately. 

Another  very  satisfactory  way  of  separating  and  identifying 
the  free  mineral  acids  in  vinegar  is  the  following : — Saturate  a 
known  quantity  with  quinine,  evaporate  to  dryness,  take  up  the 
quinine  salts  with  spirit,  recover  the  spirit  by  distillation,  dis- 
solve the  quinine  salt  in  water,  and  precipitate  by  ammonia. 
The  aqueous  liquid  will  now  contain  the  acetate  of  ammonia, 
together  with  the  sulphate  chloride  or  nitrate;  if  any  one,  or  all 
three,  of  the  free  acids  were  present,  the  acids  may  be  determined 
in  the  usual  way. 

A  method  of  separating  free  sidphuric  acid  from  sulphates  is 
to  evaporate  the  vinegar  to  a  syrup,  precipitate  the  sulphates  by 
alcohol,  filter,  wash  the  precipitated  salts  with  alcohol,  and 
determine  the  free  sulphuric  acid  in  the  alcoholic  solution. 
Provided  sufficient  alcohol  be  added,  the  separation  of  free  from 
combined  sulphuric  acid  is  exact. 

*  inmiMSkA  of  litmos,  cochineal  may  be  used ;  the  latter  is  unaffected  by 
COf,  and  thnvfore  preferable. 
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Aoother  method,  the  principle  of  which  was  proposed  by  Mr. 
Thresh,  and  which  has  been  improved  upon  bv  Mr.  W".  C.  Young, 
is,  to  add  to  a  known  measure  of  vinegar  an  cxoeaa  of  BaCI^;  the 
chlorine  in  a  portion  of  the  liquid  is  now  determined  with  gre«t  I 
care,  the  rest  is  evaporated,  ignited,  and  the  chlorine  of  the  aak 
determined.  The  difference  i-epi'OBents  the  free  mineral  acid  iu 
terms  of  chlorine.  The  presence  of  free  tart4irio  or  citric  acids 
quite  invalidates  the  accuracy  of  the  jirocesa,  but,  with  theM 
exceptions,  it  is  generally  applicable. 

(3.)  Mtlallio  Adallerationg. — Metals  in  vinegar  are  detected  by    ' 
Baturating  the  liquid  with  hydric  sulphide,  or  by  specially  testiiw 
for  arsenic,  copper,  zinc,  tin,  and  lead,  by  the  methods  detailed    , 
in  the  second  part  of  this  work.     Metals  of  the  first  group  may,    ( 
however,  be  presumed  absent,  if  there  is  no  deepening  of  colour    i 
on  saturation  with  hydric  sulphide  ;  arsenic,  if  Beinsch's  t««t 
gives  negative  results ;  and  zinc,  if  the  nearly  neutralised  vinegar 
gives  no  precipitate  with  hydric  Hulphide. 

(4.)  Fyrol!{iv.eous  ^ciV.— Tlie  addition  of  pyrolitfneoua  acid  to 
vinegar  is  said  trt  1>p  revt'iili'd  Kv  tlie  proseiico  of  iin  i.'xces3  of 
sulphate  and  acetate  of  soda. 

(5.)  Organic  Advlleralions. — The  other  organic  adulterations — 
Buoh  as  capsicum — must  be  looked  for  in  the  extract ;  Chevallier 
has  found  fuchsine  in  French  vinegars.  Methods  for  the  detection 
of  this  in  wine,  given  at  pp.  191  and  198,  are  also  applicable  to 
vinegar. 
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PART    VII. 


CONDIMENTS— MUSTARD,  PEPPER,  <fec. 


I.— MUSTARD. 

§  113.  Mustard  is  made  from  the  seeds,  finely  ground,  of  the 
Sinapis  nigra,  or  black  mustard,  or  from  those  of  the  Sinapia 
alba,  or  white  mustard,  or  again,  from  a  mixture  of  both  varieties. 
The  manufacturer  reduces  the  seeds  to  powder,  and  passes  the 
product  through  a  series  of  sieves.  The  portion  in  the  first 
sieve  is  called  the  dressings,  that  which  passes  through  is  an 
impure  mtistard  flour.  The  impure  flour,  on  being  passed 
through  a  second  sieve,  yields  the  pure  flour  of  mustard  and  a 
seoond  quantity  of  dressings.  The  dressings  are  utilised,  by 
being  submitted  to  pressure,  for  the  sake  of  the  fixed  oil  they 
contain. 

§  114.  Microscopical  Structure  of  the  Seed. — The  white  mustard 
m&ed  is  made  up  of  the  husk  and  the  seed  proper.  The  seed 
proper  is  simple  in  structure,  consisting  entirely  of  minute  oil- 
l>efuing  cells;  their  size  averages  *00041  inch  in  the  finely 
powdered  seed;  and  they  look  extremely  like  starch  corpuscles, 
but  neither  polarise  light  nor  strike  a  blue  colour  with  iodine. 

The  husk  is  more  complex,  and  consists  of  three  membranes : — 

1.  An  outer  membrane,  composed  of  two  kinds  of  large  trans- 
parent ceUs,  which  are  described  by  Dr.  Hassall  thus: — Those 
of  the  first  kind  are  of  an  hexagonal  figure,  and  united  by  their 
edges  so  as  to  form  a  distinct  membrane,  the  centre  of  each  cell 
being  perforated;  the  cells  of  the  second  kind  occupy  the  aper- 
tures which  exist  in  the  previously-described  cells,  and  they  are 
themselves  traversed  by  a  somewhat  funnel-shaped  tube,  which 
appears  to  terminate  on  the  surface  of  the  seed.  Immersed  in 
water,  these  cells  swell  up  to  several  times  their  original  volume, 
occasion  the  rupture  of  the  hexagonal  cells,  and  become  them- 
selves much  wrinkled  or  corrugated,  the  extremity  of  the  tubes 
in  some  cases  being  seen  protruding  from  the  proximate  termi- 
aiation  of  the  cells.     It  is  possible,  however,  that  what  are  here 
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described  Bs  two  different  kinds  of  ci^Ila  really  form  diatmct  parts  J 
of  the  same  cells.  It  iR  from  ttit«e  cells  that  the  thick  mu<ulug»l 
obtained  by  digesting  muatard  aeeda  in  water  is  derjyed.  ' 

2.  The  second  layer,  or  middle  Iwaue,  consiste  of  veiy  minutfl, 
itsgtilar,  coloured  cells, 

3.  Tlic  inner  or  third  layer  of  the  huek  conusta  of  a  USglo 
layer  of  nngular  cella. 

The  black  muBtard  in  its  etructural  compoeition  difibfB  from 
the  wlilte  only  in  not  containing  the  large  pertbrated  cella  of  the 
husk,  the  outer  membranes  consisting  of  tvo  or  three  layers  of 
large,  transparent,  hexagonal  cella,  tlio  other  structures  being 
similar  to  thosv  already  described. 

§  115.  Tie  Chemietry  of  Mustard  is  extremely  interesting; 
toth  eeeds,  white  and  black,  contain  a  lised  oil  (from  about  36 
per  cent.),  and  a  sulphocyanate  of  einapin  and  myroain.  Black 
mustard  seeds  contain,  in  addition  to  the  foregoing,  myromte  of 
potash  (about  '5  to  '6  iter  cent.)  'When  the  powdered  blai^ 
mustard  seeds  (or  the  mixed  black  and  white)  are  moiatened 
with  ^v!Ue^,  tjie  Cjyiodiito  uf  Jioti.sh  ii^.s  uiMi  tlii'  n.yvciMin,  und 
produces  t/ie  volatile  ml  of  mnstard.  White  mustard  seeds,  on  the 
other  hand,  contain  also  a  aulphur  principle,  einalbin,  not  found 
in  black. 

§  lie.  Sinapin,  C^^Ha^HOy  —  Sinapin  exists  as  a  aulpho- 
oyanate,  both  in  black  and  white  mustard  seeds,  as  well  as  in  the 
seeds  of  Turritis  glabra,  L  It  was  first  prei>arcd  by  Henry  and 
Garot  in  1825.  The  best  process  for  extraction  of  the  aulpho- 
oyanate  on  a  small  scale  is  (according  to  Von  Baljo)  to  exhaust 
the  oil  from  tlie  seeds  by  ether,  then  to  treat  with  coid  abaolut« 
alcohol,  which  only  takes  up  a  little  of  the  sulphur  compound, 
and  lastly,  to  disaolye  the  sulphocyanate  of  bulphut  out  with 
alcohol  of  90  per  cent.  The  excess  of  alcohol  is  then  separated 
by  distillation,  and  the  substance  ciystallises  out,  yielding  about 
!■!  per  cent. 

Sinapin  itself  cannot  be  obtained  pure,  but  a  watery  solution 
may  readily  be  prepared  by  decomposing  a  solution  of  tb»  ' 
bisulphate  with  a  proper  quantity  of  baryta.  After  filtering 
away  the  sulphate  of  baryta,  the  tiltrate  is  of  a  yellow  colour 
and  intensely  alkaline  reaction ;  it  precipitates  many  metala  from 
their  solution,  but  on  evaporation  its  colour  changea  through 
green  and  red  into  brown,  and  at  last  it  leaTes  behind  u 
uncrystallisable  brown  reaidue.  On  boiling  a  solution  of  ainapia 
'with  the  alkalies  or  alkaline  earths,  the  sinapin  splita  up  into 
■JtilraHn  and  siuapric  acid, 

C^,NO.  +   HjO   =   C,H,^0  +   C„H„0„ 
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and  similar  treatment  of  the  sulphocyanate  of  sinapin  produces 
the  same  decomposition.  To  sulphocyanate  of  sinapin  is  ascribed 
the  formula,  C^oH^sNOgCNHS.  It  forms  colourless^  transparent, 
truncated  prisms,  in  warty  or  starlike  groups,  without  odour^ 
but  of  a  bitter  taste,  of  neutral  reaction,  melting  at  130°C.  to  a 
yellow  fluid,  solidifying  again  in  an  amorphous  mass.  Sulpho- 
cyanate is  readily  soluble  in  water;  but  ether,  turpentine,  and 
bisulphide  of  carbon  do  not  dissolve  it.  If  to  a  hot  solution  in 
alcohol,  concentrated  sulphuric  acid  be  added,  bisulphate  of 
sinapin,  CjgHjglsOg,  SHjO^  +  SOHg,  separates  on  cooling  in 
rectangular  plates.  From  this  salt  the  neutral  sulphate  may  be 
obtained  by  solution  in  water,  and  precipitating  half  the  sul- 
phuric acid  by  baryta. 

§  117.  Sinalbin,  C^'EL^^^i^w  ^  substance  wliich  exists  only 
in  white  mustard,  and  may  be  supposed  to  take  the  place  of 
myronate  of  potash.  It  splits  up  into  sugar,  bisulphate  of  sinapin, 
and  sulphocyanide  of  acrinyl,  CgH.y!Nfc50.  The  last,  on  treat- 
ment with  alkalies,  yields  ammonia  and  the  salt  of  an  acid 
melting  at  136^0.,  to  which  the  formula  CgHgOg  is  ascribed. 

§  118.  Myrosin,  a  substance  analagous  to  emulsin,  has  not 
yet  been  obtained  albumen-  or  lime-free ;  its  solution  froths  on 
being  shaken ;  it  is  coagulated  by  warming  to  60°C.,  as  well  as. 
by  acids  and  alcohol. 

§  119.  Myronate  of  Potash  (CjQHjgKNSgO^Q)  crystallises  out  of 
spirit,  in  needles  ;  out  of  water,  in  rhombic  prisms.  It  is  desti- 
tute of  water  of  crystallisation,  is  of  neutral  reaction,  and  has 
no  odour,  but  is  of  a  bitter  taste.  It  is  easily  soluble  in  water, 
with  difSculty  in  diluted  spirit,  and  scarcely  at  all  in  absolute 
alcohol,  whilst  it  is  quite  insoluble  in  ether,  chloroform,  and 
benzole.  If  the  concentrated  aqueous  solution  of  the  salt  be 
digested  with  tartaric  acid  and  absolute  alcohol,  the  tartrate  of 
potash  separated,  and  the  filtered  fluid  evaporated  with  carbonate 
of  baryta,  the  filtrate  from  the  latter  will  yield  easily  soluble 
crystals  of  myronate  of  baryta  (CjQHjgBa^  SjO^q),  which  soon 
become  o|)aque  on  exposure  to  the  air;  if  heated,  it  develops 
ethereal  oil  of  mustard,  leaving  behind  sulphate  of  baryta.  A 
Bolution  of  myronate  of  potash  gives  with  zinc  and  hydrochloric 
acid  sulphuretted  hydrogen,  and  then  contains  a  salt  of  ammonia,. 
sugar,  and  half  of  the  sulphur  as  sulphuric  acid.  Boiling  hydro- 
chloric acid  decomposes  similarly.  Concentrated  potash -lye 
digested  on  the  dry  salt,  and  heated,  develops  volatile  oil  of 
mustard,  cyanide  of  allyl,  and  ammonia.  If  to  a  watery  solution 
of  myronate  of  potash,  myrosin  is  added,  volatile  oil  of  mustard^ 
sugar,  and  bisulphate  of  potash  are  formed ;  thus, 

CioHi8K.NSjOio  =  C^HfiNS  +  Q^l^^O^  +  SHKO^ 
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tlio  same  reaction   takes  place  if  the  freBhIy-prepared  watery 
extract  of  the  'white  or  black  mustard  seeds  be  added. 

5  120.  The  Fixed  Oil  of  both  Black  and  WhiU  Mustard  appears  to 
he  identical.— It  is  a  yellow,  non-drying  oil  of  0-915  to  0930 
specific  gravity  at  15°C.,  solidifying  from  —12*  to  —  IS'^C,  and 
of  a  mild  taste.  It  contains  the  glyoerides  of  erucic  acid,  of 
atearic  acid,  and  of  oleic  acid,  which  laat  Darby  considers  differeot 
from  ordinary  oleic  acid, 

Srvdc  Acid,  CjjHj^O„,  was  discovered  by  Darby  in  the  fatty 
oil  of  the  seeds  of  tbe  white  and  black  mustard  in  1 84^,  and  the 
same  acid  has  also  been  found  in  mpe  oil.  It  is  easily  obtained 
by  saponifying  the  oil  with  litharge,  treating  the  soap  with 
ether,  which  dissolves  out  the  evucate  of  lead,  and  decomposing 
tbe  salt  with  hydrochloric  acid.  The  enicic  acid  in  aolutioii  im 
filtered  from  the  chloride  of  lead,  the  filtrate  evaporated  in  the 
water-hath,  and  the  residue  recrystallised  from  ether.  Erucic  acid  ' 
forms  slender,  long,  white,  glittei'ing  needles,  without  odour  or 
taste,  melting  at  from  33°  to  34",  und  coagulating  again  at  SS^'C; 
it  is  insoluble  in  water,  but  dissolves  easily  in  alcoliol  and  ether. 
The  acid,  exposed  to  the  air,  gi-adually  becomes  coloured  and 
rancid.  If  to  water  saturated  with  erucic  acid  bromine  be  added 
gradually,  a  crystalline  compound  can  be  obtained,  CfjH^fBjO*, 
which  crystallises  out  of  alcohol  in  small,  white,  warty  masses, 
melting  at  42°  to  43°.  Again,  if  the  solution  be  decomposed 
with  hydrochloric  acid  and  sodium  amalgam,  it  can  again  he 
changed  back  to  erucic  acid.  Erucic  acid  forms  definite  salts,  of 
the  formula  Cj,H.,NO,. 

§  121.  T/,e  VolatUe  Oil  of  Mustard,  C,H,NS,  is  mixed  with 
cyanide  of  aliyl,  which  may  be  separated  by  fractional  distilla- 
tion. Ordinary  distillation  of  black  mustard  seeds  yields  it  in 
the  proportion  of  0-5  to  0'7  per  cent.  It  is  colourless  or  slightly 
yellow;  has  a  boiling  point  of  148°C.,  and  specific  gravity  1009 
to  1010;  is  somewhat  soluble  in  water,  dissolving  easily  in 
alcohol,  ether,  and  petroleum  ether.  According  to  Hager 
[Pkarm.  Centralb.,  x..  65),  the  commercial  oil  is  much  adutteratw; 
he  enumerates  as  fraudulent  additions,  alcohol,  bisulphide  of 
carbon,  oil  of  gilliflowers,  and  castor  oil.  The  volatile  oil  of 
mustard  prevents  the  coagulation  of  serum  albumen,  as  well  ai 
alcoliolic  fermentation.  According  to  Mitscherlich,  this  is  the 
most  deadly  of  all  the  ethereal  oils,  4  grma.  killing  a  kitten  in 
two  hours,  15  grms.  in  a  quarter  of  an  hour.  The  post-mortem 
appearances  were  those  of  acute  gastroenteritis,  and  the  smell  of 
the  oil  pervaded  the  blood,  urine,  and  lungs.  It  has  been  used 
in  medicine,  chiefly  externally,  for  its  powerful  rube&cieat  pro- 
jterties,  blistering  the  skin  when  applied  to  it. 
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§  122.  AduUercUiona. — The  adulteration  most  commonly  met 
with  is  a  dilution  of  ground  mustard  with  turmeric  and  wheat 
flour.  Other  substances  usually  enumerated  as  having  been 
firaudulently  mixed  with  mustard  are — cayenne  pepper,  ginger, 
gamboge,  potato  starch,  pea  flour,  radish  and.  rape  seed,  linseed 
mealy  yellow  ochre,  chromate  of  potash,  piaster  of  Paris,  and  clay, 
besides  the  ground  seeds  of  the  Sinapis  arvensis. 

A  careful  microscopical  examination  by  both  ordinary  and 
polarised  light  will  detect  most  organic  adulterations.  If  on  the 
addition  of  iodine  to  an  infusion  of  the  mustard  in  hot  water,  no 
blue  colour  is  produced,  it  is  certain  that  neither  wheat  nor 
any  other  starch  is  present. 

The  chemical  examination  of  mustard,  for  the  purposes  of  the 
food  analyst,  mainly  resolves  itself  into — 

1.  Testing  for  turmeric. 

2.  Estimation  of  the  total  sulphur. 

3.  Estimation  of  the  fat  or  oil. 

4.  Estimation  of  the  ash. 

5.  Testing  for  gamboge. 

1.  Testing  for  Turmeric. — The  detection  of  turmeric  by  its 
microscopical  appearance  is  usually  satisfactory;  there  arC;  how- 
ever, some  good  chemical  tests. 

A.  Extract  the  mustard  with  two  or  three  times  its  volume 
of  methylic  alcohol,  filter,  and  evaporate  to  dryness.  If  turmeric 
be  present,  the  addition  of  hydrochloric  acid  to  the  extract  will 
produce  a  red-orange-green  colour,  turned  by  excess  of  an  alkali 
to  green  and  blue;  or  the  extract  may  be  dissolved  in  the  least 
possible  quantity  of  methyl  alcohol,  and  evaporated  to  dryness 
in  a  porcelain  capsule,  in  which  there  has  been  placed  a  small 
piece  of  filter  paper.  When  the  eva|>oration  is  complete,  the 
paper  is  moistened  with  a  strong  solution  of  boric  acid,  and  then 
dried;  if  turmeric  be  present,  the  paper  will  take  a  reddish 
eolour;  if  it  be  then  treated  by  an  alkali,  there  is  a  play  of 
colonrsy  among  which  green  and  purple  predominate. 

B.  Advantage  may  be  taken  of  the  fact,  that  the  colouring 
matter  of  turmeric  is  strongly  fluorescent;  that  of  mustard,  on 
the  other  hand,  is  devoid  of  fluorescence.  The  simplest  method 
to  detect  the  fluorescence  of  the  yellow  colouring  matter  of 
turmeric,  when  mixed  with  mustard,  is  to  pass  a  little  castor 
oil  through  the  suspected  sample  on  a  filter ;  the  oil,  if  turmeric 
be  present,  shows  a  very  distinct  green  colour;  this  is  a  test  of 
eoDfliderable  delicacy.  Or  an  alcoholic  solution  may  be  placed 
in  a  test-tube,  and  held  vertically  in  water  contained  in  a  g|La£& 
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blackened  internal ly ;  if  tlie  oliaei"ver  now  slightly  incUne  the 
top  from  the  window,  and  look  from  above  ovtiride  the  te&t-tube, 
the  green  fluoreecence,  if  present,  will  be  readily  observed. 

2,  £glimation  of  tfie  Total  Sulphur. — Most  of  the  adulteranta  o£ 
mustard  contain  no  sulphur,  or  at  least  no  very  appreciaU* 
ftmount,  in  the  unoxidised  state.  Mustard,  on  the  other  han^ 
in  common  with  a  large  number  of  cruciferous  plants,  cuutaink' 
sulphur-organic  compounds ;  hence  a  great  deficiency  or  exoeaft'' 
of  sulphur  is  indicative  of  adulteration,  a  normal  amount  aa 
conclusive  sign  of  purity. 

The  writer  found  that  white  mustard  seeds,  ground  by  him- 
self, gave  as  the  mean  of  sixteen  expt^rimeuts  I'tfGSl  per  cent.  e(' 
total  sulphur — the  lowest  determination  being  12  per  cent.,  t]i4> 
highest  2'5  per  cent.  ^  the  mean  quantity  of  sulphur  iu  the  ash' 
"being  -3483  per  cent. 

Black  mustard,  oxidised  in  a  similar  manner,  gave  1  per  ceab- 
of  total  sulphur,  wliilo  the  ash  gave  -S3  pet  cent.  Thus  blad:; 
mustard  contuins  less  sulphur  than  white  mustard. 

Tlie  best  method  to  oxidi&t-  the  sulphur  compuunda  the  writer 
has  foim.l  to  hv  us  folloKs:— About  1  grm.  of  the  substance  i« 
placed  in  a  flask  adapted  to  an  upright  Liebig's  condenser,  and 
digested  for  some  time  at  a  gentle  heat  with  fuming  nitric  add. 
The  resulting  liquid  filters  with  ease,  and  the  sulphates  are  pre- 
cipitated in  the  usual  way  with  a  solution  of  chloride  of  barium, 
the  precipitate  thoroughly  washed,  dried,  ignited,  and  weighed; 
sulphate  of  bai7ta  multiplied  by  -13734  =  sulphur.  On  now 
making  a  determination  of  the  su]}>hates  contained  in  the  ash, 
and  subtracting  the  latter  from  the  ioi'mer,  the  amount  of  oryaiuc 
tulphur  is  obtained. 

3.  Etiinialum  of  the  Fat  or  Oil. — This  is  particularly  useful 
when  wheat  starch  is  the  adulterating  agent.  Wheat  fiour  does 
not  contain  more  than  1-2  to  2'1  per  cent,  of  oil;  mustard,  on  the 
other  hand,  from  33-9  to  36-7  per  cent.  A  weighed  portion  of 
the  previously  dried  sample  may  be  placed  in  the  little  apparatus 
figured  at  p.  100.  As  a  rough  guide  the  following  fonuule  ma; 
be  used  : — 

X  Amount  of  mustard,  y  of  oil  found. 
33-9j  1-2(100  -  a:) 

lUU       "^  100  ^ 


36-7 

iou 


I  nil  ^ 


4.  -£'alttna(i(ino/l&  JsA.— The  aah  is  taken  in  the  wayalrettdy 
described  (see  p.  4).     The  total  ash  of  dried  mustatd  averagM 
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5  per  cent.  The  highest  number  the  writer  has  obtained  is  5*3 
per  cent.,  the  lowest  5*088  per  cent.  Of  this  ash  1*2  at  least 
is  soluble  in  water;  in  other  words,  the  ash  of  mustard  consists 
of  30  parts  per  cent,  soluble,  70  parts  per  cent,  insoluble  in 
water.  It  hence  follows,  that  if  found  above  5-5  per  cent., 
mineral  matters  of  foreign  origin  are  present;  if  below  4  per 
cent.,  it  is  an  indication  of  some  organic  adulterant. 

5.  Gcmihoge. — Gamboge  as  an  adulterant  of  mustard,  is  some- 
what apocryphal;  if  suspected  of  being  present,  an  alcoholic 
extract  of  the  mustard  must  be  prepared ;  such  an  extract  when 
treated  with  caustic  soda  becomes  of  a  bright  red  colour,  hydro- 
chloric acid  produces  a  yellow  colour. 
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II.— PEPPER. 

§  123.  Black  pepper  is  the  dried  immature  fruit  oi Piper  nigrum^ 
one  of  the  Piperacem,  or  pepperworts. 

White  pepper  is  the  same  berry  decorticated,  or  deprived  of 
its  outer  and  black  husk  or  covering. 

The  pepperworts  are  a  well-defined  natural  order,  confined  to 
the  hottest  parts  of  the  world,  and  delighting  in  low  places, 
valleys,  and  the  banks  of  rivers.  Although  neither  the  number 
of  its  genera  nor  of  its  species  is  great,  yet  the  whole  order  is 
remarkable  for  a  variety  of  active  and  useful  plants — e.g.y  the 
aromatic  black  and  long  poppers,  the  astringent  mxtico,  the 
intoxicating  Maoropiper  methysticumf  tha  different  varieties  of 
cubebs  nseftd  in  the  treatment  of  infiamed  mucous  mambranes, 
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and  several  otlier  plants  poaaosaing  medicinal  propsrtieB,*  beluug 
to  the  natural  order  of  J'iperacetE. 

Black  pepper  itself  ia  a  climbing  plant,  attaining  the  IteigUt  of 
from  a  to  12  feet;  the  berries — or,  botaaically  speaJcing,  "drupes" 
— are  nt  first  green,  then  red,  and  if  left  atUl  longer  ungatbered, 
turn  to  black;  but  before  this  latter  change  takes  place  tbe 
berries  are  gathered  by  hand  and  dried  in  the  sun,  the  result 
being  an  entire  change  of  appearance  ;  instead  of  a  rod,  amootti 
beiTy,  a  black  or  reddish-black  peppercorn,  with  the  cortex  cort' 
tracted  and  shrivelled  in  such  a  manner  as  to  form  a  reined  tiet- 
"work,  is  obtained.  The  plant  is  cultivated  in  Tarious  portions  of 
the  equatorial  regions  of  the  earth,  tbe  zone  of  cultivation  beij^ 
confined  to  the  isotherms  of  82''.  It  would  not,  however,  be 
Btrictly  cori-ect  to  say  that  this  high  mean  annual  temperature 
is  essential,  or  even  necessary;  for  the  feet  is,  that  it  is  pro- 
duced principally  in  the  cooler  valleys,  where  the  mean  annual 
temperature  does  not  perhaps  exceed  TO^F. 

The  black  pepper  imported  into  this  country  principally  comes 
from  the  ialandhi  of  Malaccft,  Jiivn,  Boi'Dfo,  and  8\iiiiatra.  The 
commercial  varieties  are  at  least  five — viz.,  Malabar,  Penang, 
Sumatra,  Trang,  and  Tellicherry,  names  indicating  the  localities 
whence  they  are  derived.  The  difierenceB  which  these  difier- 
ent  varieties  of  pepper  present  to  t/te  eye  are  evident  enough 
when  the  several  samples  arc  at  hand  for  comparison ;  but  it  takes 
a  very  ]>ractised  observer  to  identify  a  solitary  sample ;  and 
if  samples  of  each  of  the  kinds  named  were  raised  together,  it  i» 
doubtful  whether  an  adept  even  could  separate  the  berries  agail^ 
identifying  each  sort  with  any  correctness.  The  merchant,  indeed, 
relies  more  upon  the  weight  than  the  appearance ;  he  takes  a 
handful  of  pe]>percoms,  and  by  long  practice  can  tell  in  a  moment 
whether  it  is  a  light  or  a  heavy  sample.  Chevallier  has  dete^ 
mined  the  weight  of  what  is  technically  called  heavy,  half-heavy, 
and  light  pepper.  A  litre  of  the  first  weighed  530  grms.;  of '^ 
second,  512  grms.;  of  the  third,  470  grms.  That  there  ia  con- 
siderable difference  in  weight  in  the  different  berries  is  certaiOf 
for  the  writer  carefully  weighed  100  berries  of  each  kind,  with 
the  following  result: — 

100  peppercoma  of  Penang  weighed 
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If,  then,  quality  is  to  be  judged  of  by  weight,  Penang  and 
Malabar  may  be  bracketed  together  as  standing  first,  Sumatra 
holding  the  second  place,  and  Trang  and  Tellicheny  bracketed 
together  in  the  third.  The  general  opinion  of  the  trade  is,  that 
Malabar  is  really  the  heaviest,  and  possibly  the  samples  of 
Penang  which  the  writer  possesses  are  unusually  fine.  The 
whole  of  the  ground  peppers  of  commerce  are  mixtures  of  difierent 
kinds  of  pepper;  there  is  no  such  thing  to  be  found  in  the  shops 
as  a  pure  ground  Malabar  or  a  pure  ground  Penang.  The 
principal  varieties  mixed  for  household  purposes  and  retailed  are 
Malabar,  Penang,  and  Sumatra ;  the  first  of  these  is  the  dearest. 
The  usual  mixture,  according  to  Chevallier  is — 

33  per  cent,  of  Malabar  to  give  weight, 

33  „  Penang        „      strength,  and 

33  ,,  Sumatra      „      colour. 

The  pepper  thus  mixed  is  either  ground  by  the  aid  of  large  mill- 
stones, or  in  an  apparatus  perfectly  analogous  to  a  coffee-mill. 
The  latter  mode  is  far  preferable  to  the  former,  as  the  friction  of 
the  stones  develops  considerable  heat,  and  dissipates  some  of  the 
aromatic  principles.  Pepper  thus  damaged  by  the  heat  of  the 
mechanical  operations  is  technically  known  as  **  burnt."* 

§  124.  Structure  of  Pepper. — A  thin  section  of  the  pepper  berry 
shows,  from  without  inwards  (1 .)  a  layer  of  elongated  cells,  large 
and  distinct,  having  a  central  cavity  from  which  numerous  lines 
radiate  towards  the  circumference ;  (2.)  a  layer  of  small,  angular, 
dark-coloured  cells ;  (3.)  a  thin  stratum  of  woody  fibre  and  spiral 
vessels;  (4.)  a  layer  of  large  round  cells ;  (5.)  a  tissue  divisible 
into  two  layers,  the  outer  consisting  of  coloured  cells,  the  inner 
colonrless,  and  really  constituting  a  membrane. 

Pepper  contains  an  alkaloid  (Piperin),  a  volatile  oil,  and  an 
acrid  resin,  besides  gum,  starch,  vegetable  albumen,  salts,  and 
other  substances. 

§  125.  OU  of  Pepper  has  a  specific  gravity  of  from  0-8G  to  0*99, 
and  a  boiling  point  167°  to  170°C.  It  is  a  clear  fluid,  possessing 
a  mild  taste,  and  corresponds  to  the  formula  CjqHjq.  Both  white 
and  black  pepper  contain  a  little  more  than  1   per  cent,  of 

this  oil.t 

§  126.  Piperin — (CiyHigNOg) — was  discovered  by  Oerstedt  in 
3819  ;  it  is  found  in  white,  long,  and  black  pepper,  in  Chavica 

nlivation  and  decrease  the  function  of  the  skin.  Besides  these,  Acrocar* 
pidium.  kispidulum,  Coccobryon  capense^  Artanthe  adunca,  Chavica  adunca, 
and  o&ken,  possess  active  and  usetul  properties. 

*  From  Art  Pepper  in  the  Author  s  "  Diet,  of  Hygi^e." 
-    t  I>aiiia8.~/atfm.  Chtm,  Med.,  xL  308* 
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ojtcinarum,  in  cubeija,  iii  the  berries  of  ScMnnt.  mallh,  and  in 
the  bavk  oi  Liriodendron  tuhpt/era.  Wlien  pure  plperin  crystal- 
lises, in  colourless,  brilliant,  four-sided  priiiins,  it  is  almost  tasteless, 
and  presents  no  alkaline  reaction.  It  melts  to  an  oiiy  maaa  at 
about  IOO°G.,  solidifjing  in  a  resinous  form  ;  is  soluble  in  petro- 
leum ether,  alcohol,  ether,  the  Tolatile  oils,  bensolo,  cMorofonn, 
and  creosote.  Concentrated  nitric  acid  changes  it  into  an  onuige- 
red  resin ;  if  this  be  treated  with  a  solution  of  caustic  potash,  a 
blood-red  colour  is  produced,  and  on  boiling  piperidiu  developed. 
Tiong  heatin;;  with  alcoholic  potash  decomposes  piperin  into 
piperidin  &nd  piperinate  of  potash,  and  the  same  subataoco  ts 
quickly  developed  by  heating  with  soda  lime. 

5  127.  Piperidin — CjIIj,N  (best  obtained  by  dry  distillatioit 
of  piperin  with  three  times  its  weight  of  soda  lime) — is  a  clear. 
colourless,  bitter,  strongly  alkaline  fltiid,  which  boils  at  106°,  and 
baa  an  odour  both  of  pepper  and  ammonia.  It  dissolves  t~  '' 
water  and  alcohol  in  all  proportions,  and  forms  good  crystaUJ 
fialta  with  acids. 

5  128.  Pipei-ic  Acui — C,oHI,„Oj — is  obtained  by  boiling  piperin 
■with  alcoholic  potash,  decomposing  the  piperate  of  potash  by  the 
addition  of  HCl,  and  subsequent  purification  of  the  acid  by 
-crystallisation  from  alcohol.  The  acid  is  in  the  form  of  yellov 
hair-like  needles,  some  of  which  may  be  sublimed  undecomposed; 
they  dissolve  easily  in  boiling  alcohol,  but  are  scarcely  soluble 

5  129.  The  Anh  of  Pepper. — The  following  is  an  analysis  of  the 
ash  of  Tellicheny  pepper : — 

JOTOrms-of  Aih. 

Potash 24380 

Soda, 3-22(i 

Magnesia, IS'OOO 

lime, 11  000 

Iron 0-3TO 

Phosijhorie  Acid,         ....  8'470 

Sulphuric  Acid, 9-613 

Chlorine 7-570 

Carbonic  Acid, 14000 

Sand, 6  030 

Of  all  of  these  constituents  the  sand  is  the  most  variable. 
The  highest  determination  of  sand  which  the  writer  has  as  yet 
met  with,  occurred  in  a  sample  of  Penang  popper,  which  gave  9 
parts  of  sand  in  every  100  of  ash  ;  but  if  we  allow  that  a  pepper 
ash  may  contain  10  parts  in  every  100  of  sand,  how  on  any 
theory,  except  that  of  wilful  adulteration,  can  we  account  for  the 
iact  of  the  ground  pepper  of  commerce  yielding  to  the  analyst  an  uh 
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one-third  or  one-half  of  which  is  very  commonly  found  to  consist 
of  sand  !  The  iron,  part  of  which  is  magnetic,  the  alkaline  earths, 
the  chlorine,  the  alkalies,  all  vary  somewhat ;  but  there  is  one 
oonstitnent  which  is  extremely  constant,  and  may  be  of  technical 
utility,  and  that  is  the  phosphoric  acid.  The  phosphoric  acid 
averages  8*5  per  cent,  of  the  ash.  Pepper  also  has  very  minute 
quantities  of  carbonate ;  a  sample  of  finely  powdered  Malabar 
pepper,  treated  with  acid,  and  placed  in  an  absorption  apparatus 
connected  with  an  aspirator,  which  drew  through  the  solution 
perfectly  dried  carbonic  acid  free  air,  yielded  *657  milligramme 
of  GO2,  or  about  '143  per  cent,  of  the  ash ;  hence  the  10  or  11 
per  cent,  of  CO2  in  the  ash  must  be  produced  from  the  organic 
salts,  &c 

Nitrates  and  Nitrites  in  Pepper. — Comparatively  few  observa- 
tions of  the  amount  of  nitrates  and  nitrites  in  organic  substances 
are  on  record  :  it  is  a  subject  of  some  scientific  interest,  especially 
since  it  has  been  observed  that  nitrates  and  nitrites  are  decom- 
posed in  the  presence  of  free  oxalic  acid.  Whether  the  deter- 
mination of  nitric  acid  will  be  of  service  to  the  food  analyst  or 
not  is  unknown  :  it  certainly  may  be  so,  if  it  be  found  that  a 
substance  rich  in  nitrates  is  fraudulently  mixed  with  one  poor  in 
nitrates. 

CalcnUted  as 

Nitric  Add. 

GmuL 

100  grms.  nndried  PeDang  pepper  yield  004470 

„  „       Malabar        „  003858 

„  „       TeUicherry  „  008860 

„  „       Sumatra       „  006560 

„       Trang  „  011870 

f  130.  General  Composition  of  Pepper. — In  a  sample  of  Penang 
pepper  analysed  by  the  writer  : — 

Percent. 

Volatile  Oil, 104 

Acrid  ResiD, 1*77 

PiDerin, 5'17 

Samtances  aolable  in  water,  gnm,  starch, 

and  other  matters,  snbtractinff  ash,  14*74 

Sahstanoes  insolnble  in  alcohol  and  water,  67 '75 

Water,  .        : 953 

10000 


The  following  table  exhibits  some  analyses  made  by  the  writer 
in  1876  of  genuine  black  peppers,  and  may  be  compared  with 
Bunilar  detmninations  of  white  and  long  peppers  :— 


■ 

■ 

^H 

^H 

1 

■  l 
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Gkkbeai.  Composition  or  Cokmehcul  Pbppebs. 

i 

i 

1 

1 

;i 

Aitt 

S^^i. 

TouiL 

Penfing,     .        . 
Tellichcrry, 
Snmiitra,  . 
Malabar,   .        . 
Tran^, 

Long  Peppw,     . 

Piroenl. 
9-53 

10-10 
10 'M 
11 '60 
1030 

5-57 
4-G7B 
4-703 
4-fiS2 
4-IH)0 
51X0 
I  800 

2-08 
1-70 
174 
1'74 
1-70 
2-03 
0-80 

P.r«nl. 
18-33 
16-5 
17-59 
20-37 
18-17 

lC-82 

2-21 
3-38 
2-62 
3-45 
2  53 
0-5« 
4.7 

41S 
5-77 

4  31 

5  19 
4  77 
113 
8-30 

§  131,  Analyaia  of  Pepper. — The  ash  and  hygroscopic  moisture 
ai-e  estimated  iu  tho  usual  manner.  The  commerciftl  value  of  & 
pepper  ought  to  bear  a  definite  relation  to  the  piperin  and  acrid 
resin,  so  that  the  latter  constituents  are  tho  most  important  to 
determine. 

There  are  two  methods  of  estimating  the  piperin  and  resin  ; — 
The  one  is  to  exhaust  thoroughly  tho  finely  powdered  pepper 
with  strong  alcohol,  evaporate,  and  weigh  the  extract,  which 
practically  consists  of  nothing  but  resin  and  piperin.  The  latter 
is  now  separated  by  digestion  with  aoda-lye,  which  dissolves 
the  resin,  leaving  insoluble  the  piperin,  which  may  be  redis- 
Bolved  in  strong  alcohol,  filtered,  evaporated,  and  weighed,  as 
piperin.  The  other  process  which,  on  the  whole,  is  preferable,  is 
to  dissolve  the  piperin  out  by  petroleum  ether,  and  purify 
the  extract  thus  obtained  as  before.  Some  chemists,  again,  first 
extract  with  alcohol,  and  then  treat  the  alcoholic  extract  with 
petroleum  ether,  a  method  which  is  equally  valid,  but  not> 
perhaps,  so  convenient  as  the  second  given. 

§  132.  AduUeratioTis  of  Pepper. — Pepper  has  been  adulterated 
Tor  at  least  two  centuries  and  a  half;  for  Pierre  Pomet,*  writing 
in  1614,  says,  "As  the  greatest  part  of  pepper,  white  as  irell  u 
black,  is  sold  '  battu '  (that  is  to  say,  powdered),  it  should  only  be 
Oought  of  honest  merchants;  because  all  the  pepper  the  retailers 
sell  is  no  other  thing  for  the  white  than  '  epux*  ePAuvergM 
'iloHchfet,'  or  rather  black  pepper  whitened  with  ground  rice ;  tb9 

•  PoBBt,  "Hirt.  (Ma.  de*  DrogoM,"  1735. 
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black  is  only  the  dust  either  of  the  crust  of  bread,  grey  Auvergne 
spices,  or  manignette." 

The  Ust  of  the  adulterations  enumerated  by  authors  is  an  extra- 
ordinary one.  Linseed  meal,  rice,  pepper  leaves,  mustard,  wheat 
£our,  sago,  woody  fibre,  chillies,  rape-seed,  potato,  spices,  capsi- 
cum, manignette  (otherwise  known  as  Guinea  pepper),  chicory, 
rye,  powdered  leaves  of  the  laurel,  which  had  been  previously 
iLBod  to  wrap  round  extract  of  liquorice,  the  stones  from  olives, 
bone-dust,  marine  salt,  and  various  mineral  adulterations,  are  all 
said  to  have  been  detected. 

However  various  may  be  the  adulterations  in  France  (where, 
Cbevallier  tells  us,  in  Paris  alone  he  is  acquainted  with  a  manu- 
factory producing  1,200  to  1,500  kilogrammes  annually  of  a 
mixture  sold  solely  for  the  purpose  of  adulterating  pepper),  the 
only  common  adulterations  of  this  country  are  what  are  known 
in  the  trade  as  P.D.,  H.P.D.,  and  W.P.D.,  abbreviations  for 
pepper-dust,  hot  pepper-dust,  and  white  pepper-dust;  the  first, 
or  P.D.,  used  to  be  principally  composed  of  faded  leaves,  but 
linseed  meal  is  now  preferred;  H.P.D.  is  chiefly  the  husks  of 
mustard;  and  W.P.D.  is  ground  rice.  To  all  these  we  must  add 
sand,  which  is  most  certainly  used,  though  whether  derived  from 
the  sweepings  of  the  shops,  or  added  as  sand,  is  by  no  means 
clear.  The  sand,  of  course,  influences  the  weight  of  the  ash, 
which  should  never  exceed  7  per  cent. 

Dr.  Hassall  made  some  determinations  of  the  ash  of  some 
fifteen  or  sixteen  commercial  samples  of  black  pepper ;  of  these 
only  one  was  under  5  per  cent.,  the  percentages  of  the  other 
£fieen  being  distributed  as  follows : — 

One  gave  between  5  and  6  per  cent,  of  ash. 
Three  „        6  and   7      „  „ 

Three  „        7  and   8      „  „ 

Seven  „        9  and  10      ,,  ,, 

One  ,,      11  and  12 


>»       **  •«»**  *-«      ,,  ,, 


It  is  diflicult  to  believe  that  more  than  2  per  cent,  of  unavoid- 
able mineral  dust  can  get  into  the  pepper  by  grinding,  &c,  and 
the  inference  naturally  is  that  most  of  the  above  samples  were 
adulterated.  The  maximum  percentage  of  ash  from  genuine 
pepper  which  the  writer  has  obtained  is  5*3  per  cent. 

Besides  the  formidable  list  of  adulterations  already  mentioned, 
the  berry  itself  is  not  free  from  manipulation;  for,  as  the  merchant 
judges  by  the  weight  of  the  sample,  means  are  taken  to  render 
the  lighter  sorts  equal  in  weight  to  the  heavy  Malabar  and 
Penangy  and  in  order  to  do  this  they  are  macerated  in  tubs  of 
lunne  for  twenty-four  honrsi  and  thus  impregnated  with  «!aA.t  ^\A 
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water,  find  their  way  into  the  market  as  Malabar;  but  suck 
samples  are  quickly  recognised  by  the  astute  mei'chant;  and  tha 
high  chtorides,  the  high  ash,  the  great  amount  of  humidity,  could 
hardly  fail  to  reveal  tbeir  nature  to  the  analyEt. 

As  coffee  haa  been  cleverly  imitated  by  chicory  pressed  into 
the  shape  of  the  coffee-berry,  so  by  pressing  various  pastes  into 
the  aiiape  of  the  pepper-berry  has  pepper  been  imitated.  Of  this 
adulteration  there  ia  the  moat  undoubted  evidence.  Accum 
noticed  artificial  peppercorns  made  of  oilcake,  common  clay,  and 
Cayenne  ]iepper,  and  Cherallier,  in  a  recent  paper,  states  that  in 
1843  he  was  requested  to  examine  a  sample  taken  from  forty 
bales,  in  which  he  found  from  15  to  20  per  cent,  of  artificiil 
pepper,  composed  of  pepper- duet,  bran,  and  other  matters.* 
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m.-CAYENNE  PEPPER. 

§.  133.  Cayenne  pepper  consbts  of  the  powdered  pods  or  seeJ 

Teasels  of  the  Copncurn  annuum,  a  plant  belonging  to  the  natunl 

order  Solanacea.     It  is  a  native  of  America,  but  is  also  cultivated 

•  Art  Pepper  in  aathor'a  "Diet,  of  Bygibw." 
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0  a  slight  extent  in  the  greenhouses  of  England  and  other  Euro- 
•ean  countries.  It  is  sold  entire  under  the  name  of  Chillies, 
Ihe  microscopical  structure  of  the  capsules  is  somewhat  peculiar : 
he  epidermis  is  formed  of  cells  the  walls  of  which  are  thick, 
lattened,  tortuous,  w^ll  defined,  and  punctuated  here  and  there ; 
reqnent  drops  of  a  reddish-orange  oil  occur,  especially  in  the 
larenchyma,  which  is  formed  of  thin-walled,  rounded  cells. 
The  envelope  of  the  grain  itself,  when  cut  in  thin  vertical  sec- 
ions,  presents  a  very  singular  appearance,  that  of  radiating 
lentiform  processes,  the  apex  of  each  being  apparently  fixed  in 
he  outer  membrane.  The  substance  of  the  seed  proper  is  com- 
K)fled  of  small  angular  cells,  with  thick  colourless  walls,  filled 
irith  granules  and  a  yellow-orange  oil,  but  without  starch. 

Cayenne  pepper,  as  met  with  in  commerce,  is  in  the  form  of  a 
4>mewhat  coarse,  brick-dust  like  powder,  the  least  particle  of 
vhich,  if  heated  strongly,  volatilises  a  very  acrid  vapour,  causing 
ntense  irritation  of  the  throat.  This  sensation  can  be  produced 
ly  80  minute  a  portion  of  cayenne,  that  any  foreign  substance 
nixed  with  it  could  in  this  way  be  detected;  it  would  be  only 
lecessary  to  separate  carefully,  by  the  aid  of  the  microscope  and 
k  cameVs-hair  brush,  all  particles  of  cayenne,  and  heat  the  portion 
(uspected;  if  no  acrid  vapours  were  given  ofi^,  the  substance  could 
lot  be  cayenne.  This  intense  acridity  appears  to  be  due  to  a 
K)dy  recently  discovered  by  Mr.  Thresh,  and  named  by  him 
Japsaicin. 

§  134.  Capsaicin — (CgHj^OA  specific  gravity  1060 — is  in  the 
brm  of  minute  crystals,  which  melt  at  55*5°C.  (138°F.),  volatilise 
inchanged  at  115-5°C.  (240°F.),  and  at  120°C.  (248°F.),  become 
irownish-black.  It  may  be  obtained  by  exhausting  cayenne  by 
)etroleum,  evaporating  the  petroleum,  and  treating  the  extract 
has  obtained  by  dilute  solution  of  potash ;  on  now  saturating 
he  solution  with  carbonic  anhydride,  it  is  precipitated  in  very 
tmall  crystals.  It  dissolves  slightly  in  cold,  and  more  readily 
n  boiling,  water;  is  easily  soluble  in  alcohol,  i)roof  spirit, 
^ther,  amylic  alcohol,  acetic  ether,  acetic  acid,  benzine,  the 
ixed  oils,  and  solutions  of  the  alkalies.  It  dissolves  slowly  in 
nrpentine  and  carbonic  disulphide ;  when  pure,  petroleum  does 
lot  dissolve  it  readily,  but  the  presence  of  the  red  oil  in  the 
lepper  increases  its  solvent  powers ;  it  is  totally  insoluble  in  solu- 
ions  of  the  carbonates  of  the  fixed  alkalies,  and  in  ammonia. 
Silver  nitrate  gives  a  precipitate  with  alcoholic  solutions  of  cap- 
laicin ;  it  also  yields  white  precipitates  with  barium  and  cal- 
Aum  chlorides.  It  is  powerfully  pungent,  causing,  if  volatilised, 
ierere  fits  of  coughing. 

It  woald  appear  that  capsaicin  is  not  contained  in  the  sub- 
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stance  of  tlie  seed  ;  for  if  the  pericarp  be  carefully  Bepaiated,  tha 
seeils  uro  entirely  devoid'of  acrid  taste. 

Mr.  Thresh  has  also  described  a  conium-lilce  alkaloid,  obtained 
by  exhausting  the  pericarp  with  bensLno,  evaporating,  dissolving 
in  ether,  shaking  the  solution  with  dilut«  suiphuric  oicAd,  paifc 
ttally  neutralising  with  barium  carbonate,  and  evaporating  to  • 
Bmnll  bulk.  Some  red  fat  now  separates,  and  after  tlie  removid 
of  this  (upon  adding  an  excess  of  alkali,  shaking  with  ether,  and 
evaporating)  a  brown  residue  is  obtained,  smelling  like  ooniun^ 
and  giving  precipitates  with  Nessler  reagent,  iodine,  and  iodidttf 
of  potassium  and  cadmium. 

The  acrid  oil  Capsieol,  Capsicin,  and  other  substances  described' 
by  Eucbolz,  Bracannot,  Buchheira,  ic,  are  undoubtedly  duxh 
tures.  The  general  composition  of  cayenne  pe^iper  may,  ho*^" 
over,  be  gathered  from  the  following  analyses,  one  tnade  in  1816 
by  Bucliolz,  the  second  in  1617  by  Bi-acannot,  of  course  nntber 
taking  cognisance  of  capsaicin  : — 

Buclioh'a  Anali/sU. 

Acrid  soft  resia  (capsicnm),       ...  4*0 

Wax 7-6 

Bitt^  aromatic  extractive,                 .         .  8*6 

Extiwitive,  with  some  guin,      .         .         .  21  'O 

Gum 9-2 

Albuminous  matter,                   .        .         .  3  '3 

Woody  libre, 28-0 

Water, 120 

Lob., 64 

Fruit  of  Oapikum  annuum,  without 
■eeds, 100-0 

Bracannot' s  Analr/sis. 

Acrid  oil 1-9 

Wax  and  red  colon  ring- matter,         .         .  0'9 

Brownish  starchy  matter,         .         .         .  Otl 

Peculiar  gum, fifl 

Animalised  matter, 6*0 

Woody  fibre, 678 

Salts:  extract  of  i>otash,  0*0;  phosphate 

of  potash,  and  cnloride  of  jxituBaium,  3'4,  9*4 

Frait  ot  Capsicum  amiuum,  .        .        .     100*0 

The  hygroacopio  moisture  ranges  in  different  samples  from  10 
to  13  per  cent    The  writer  analysed  several  samples  of  g 
Cftjeime,  and  the  meao  of  these  analyaea  was  as  followa : — 
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AqneooB  extract  of  dried  cayenne,   .        .        .  32*1  per  cent. 

Alcoholic  extract, 25*79         ,» 

Benzole  extract, 20*00         ,» 

Ethereal  extract, 10*43         „ 

Aah,  .        .        .        .        .        .        6-693  (soluble,  3*32) 

Total  nitrogen  in  100  grms.,     ....  2*04 


Hence  the  ash  of  cayenne  should  not  exceed  6  per  cent. ;  it 
should  yield  at  least  one  quarter  of  its  weight  to  alcohol,  and 
from  9  to  10  per  cent,  to  ether. 

§  135.  The  AdtdtercUions  of  Cayenne  usually  enumerated  are :  all 
kinds  of  red  mineral  powders,  from  brick-dust  to  cinnabar,  and 
a  few  starches.  There  does  not  appear,  however,  to  have  been 
any  conviction  recently  for  the  adulteration  of  cayenne^  and  the 
numerous  samples  the  writer  has  examined  were  all  genuine. 
Most  of  these  additions  would  be  easily  detected  in  the  ash,  or 
by  the  microscope.  Cinnabar  is  highly  improbable ;  for  its  deteo^ 
tion,  see  Mercury ,  in  the  second  portion  of  this  work. 
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IV.— THE  SWEET  AND  BITTER  ALMOND. 

§  136.  The  sweet  almond,  the  seed  of  Amygdala  communis,  and 
the  bitter  almond,  the  seed  of  Amygdalus  communis,  var.  Amara, 
enters  either  in  whole  or  in  part  into  so  many  articles  of  food 
(such  as  sweetmeats  and  pastry,  and  as  a  flavouring  ingredient 
into  certain  drinks),  that  it  is  absolutely  necessary  to  be  acqtiainted 
-with  its  chemical  composition.  Both  varieties  of  almond  agree 
in  containing  about  50  per  cent,  of  a  bland' fixed  oil  (consisting 
chiefly  of  olein,  and  liable  to  become  rancid),  as  well  as  an 
albuminous  principle,  emulsin,  sugar,  gum,  and  woody  flbre ; 
but  only  in  the  bitter  almond  is  found,  in  addition  to  the  fore- 
going, amygdaline. 

{  137.  The  Oil  of  Almonds  is  a  thin  fluid  oil,  of  a  clear  yellow 
colour,  specific  gravity  0*914  to  '920,  not  coagulated  by  cold  if 
— 10"^  -  i  at  - 16^  it  becomes  cbudy,  and  at  -  22"*  it  solidifies  to  a 
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-white  butter.  Oil  of  nlmonds  appears  to  be  nthor  freqaently 
adulterated  with  other  oils. 

2'5  droj)H  of  the  oil,  Bhakon  with  an  equal  bulk  of  citric  acid 
{specific  grarity  1-20)  and  bisuliihide  of  carbon,  should  not  show 
any  colour  after  standing  a  few  minuteii ;  if  it  becomes  within 
half  an  hour  yellow,  or  reddish-yellow,  the  change  indicates  oil 
from  cherry  or  apricot  keraele. 

The  following  t«Bt  will  detect  drying  oils  : — Dissolve  1  part  of 
starch  iu  3  parts  of  warm  nitric  acid,  of  1  '20  specific  gravity,  am) 
warm  in  a  capacious  vessel  over  the  water-bath  with  10  parts  of 
almond  oil,  until  all  evolution  of  gas  ceases.  The  oil  afler  cooling 
is  within  two  days  changed  into  a  warty,  crystalline,  greasy  mass 
of  elaidin.  Should  it,  however,  contain  a  drying  oil  (poppy,  for 
example),  it  either  remains  quite  fluid  or  semi-fluid,  according  to 
the  proportion  of  the  adulterant  present.  The  colour  of  the 
elaidin  is  also  a  guide ;  that  produced  by  the  sweet  almond  is 
]iui-e  white,  by  the  bitter,  yellowish- white,  aud  by  the  amall  or 
inferior  kinds  of  almonds,  brownish-yellow  ;  if  the  elaidin  should 
be  red,  it  denotes  adulteration  of  some  foreign  oil,  especially  of 

Pure  almond  oil  dissolves  in  25  parts  of  cold  and  G  of  hot 
alcohol.  The  above  tests,  and  in  addition  the  low  temperature 
required  fur  congelation,  should  detect  all  ordinary  adul- 
terations. 

§  138.  Amygdaline  (C^jHajNO^)  is  a  glucoside,  discovered  io 
1830  by  Robiquet  and  Iloiitron-Charlard.  It  may  be  extracteii 
from  almond-cake  by  boiling  alcohol  of  95  per  cent.,  and  then 
precipitated  from  the  somewhat  concentrated  alcoholic  solution 
by  ether.  Amygdaline*  crystallises  from  80  per  cent,  alcohol  in 
colourless,  glittering  scales,  containing  2  atoms  of  water;  it  cau 
also   be   obtained  in  crystals.       Amorpiio\is   amygduline   of  the 

*  Lehmaan,  iu  hia  recent  elaborate  researches,  found  the  method  of  IJeUg 
and  Wohler  the  beet  for  obtaining  cryslalliiK  ojuygdaline.  Tbe  proceas  con- 
elata  in  boiliog  the  Bubatuice  with  atrong  alcohol  (of  94  to  93  per  cent) 
twice  Bueceuively,  after  having  tirst  rfinoveil  tbe  fixed  oil  by  [letrolentu 
l-cnxine,  PoncentratiD^r  to  about  One-half  or  one-eixth  of  ita  votanie;  and  then 
adding  ether,  which  prectpitatea  the  nmyj^tialino,  nod  removea  any  of  th# 
remaining  tixed  oil.    Lckmann  obtained  from 

Bitter  alnionda,         .  2\i    per  cent,  crystilliaeil  amygdaline. 

Cherry- bernelfl,         .  .  082      ,,  .,                ,, 

Plom-kemela,            .  .  OIKi      ,,  „                ,, 

Apple-seeds,      .          .  .  OGO      ,,  ,,                  ,, 

PBach-kernels,  .  .  2-3,'i       ,, 

Cherry-laurel  leaves,  .  1 -H9  xmr  cent,  amorjihoua  amygdaline. 

Bark  of  AAamniw/ronpo/o,  0*7        „  „ 

Both  of  these  latter  aabstanccB  tontain  hydrocyanic  acid  ready  formod. 
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before-mentioned  cherry-laurel  leaves  and  buckthorn  bark  is  best 
obtained  by  the  following  method  : — The  dried  buckthorn  bark 
is  boiled  with  absolute  alcohol,  agitated  with  lead  oxide,  and 
evaporated  to  dryness.  Dried  in  a  vacuum  over  SO^Hg  it  forma 
a  brittle,  yellow,  transparent,  resin-like  mass,  which,  when  heated 
to  10(y*C.,  becomes  dark-brown ;  it  can  be  dissolved  by  boiling 
alcohol  and  by  water,  but  is  insoluble  in  ether.  Although  amor- 
phous, it  is  a  ciystalloid  with  3  atoms  of  water,  as  proved  by 
dialysis  from  water  or  weak  spirit,  but  in  such  a  case  it  loses  1 
atom  if  dried  over  sulphuric  acid.  At  100°  to  120°  it  may  be 
obtained  anhydrous. 

Amygdaline  possesses  no  smell ;  it  has  a  slightly  bitter  taste  ; 
its  reaction  is  neutral,  and  it  polarises  to  the  left  [a]  r=  —35*57°. 
It  dissolves  in  all  proportions  in  boiling  water,  and  in  12  parts 
of  eold  of  10°C. ;  requires  148  parts  of  alcohol,  specific  gravity  148, 
904  parts  of  alcohol,  specific  gravity  081 9,  if  cold — but  if  boiling, 
11  parts  of  the  first  and  12  of  the  last ;  it  is  insoluble  in  ether. 
It  melts  at  120°  and  begins  to  carbonise  at  160°,  when  it  develops 
a  caramel  smell,  and  is  at  length  fully  destroyed. 

Amygdaline,  by  the  action  of  dilute  acids,  splits  up  into  sugar, 
volatile  oil  of  almonds,  and  formic  acid.  If  boiled  with  solutions 
of  potash  or  baryta  it  forms  ammonia  and  amygdalic  acid.  The 
most  interesting  decomposition  is,  however,  that  which  takes 
place  by  the  action  of  emulsin ;  it  then  breaks  up  into  volatile 
oil  of  almonds,  hydrocyanic  acid,  and  formic  acid.  (See  Prussic 
Acid,  in  the  second  part  of  this  work.) 

Volatile  Oil  or  Baaence  of  Almonds  does  not  exist  as  such  in  the 
bitter  almond ;  it  is,  as  above  explained,  the  result  of  a  decom- 
position of  the  amygdaline.  The  oil  of  almonds,  when  properly 
purified  from  prussic  acid,  is  identical  with  the  hydride  of  benzole, 
C^HgOH.  It  is  colourless,  thin,  turning  a  ray  of  polarised  light 
to  the  right,  of  a  peculiar,  pleasant  odour,  and  a  burning  aromatic 
taste.  Its  specific  gravity  is  1  '043  to  1  -07,  usually  1  '06  (Hirach). 
Its  boiling  point  is  180°.  By  the  action  of  light  and  air  it  is 
gradually  oxidised  into  benzoic  acid.  It  is  soluble  in  equal  parts 
of  alcohol,  '083  specific  gravity,  and  in  about  30  parts  of  water. 
The  ethereal  or  volatile  oil  is  officinal  in  the  French,  Swiss,  and 
Norwegian  pharmacopeias.  The  ethereal  oil  is  much  adulterated^ 
The  analyst  will  specially  look  for  alcohol,  prussic  acid,  nitro- 
benzine,  and  ethereal  oils. 

If  (dcoM-freey  the  addition  of  an  equal  weight  of  fuming 
nitric  add  produces  no  effervescence,  and  after  two  or  three 
days  the  mass  becomes  emerald  green,  and  crystals  of  benzoic 
add  appear.  On  the  other  hand,  if  it  contain  alcohol  from 
0*08  per  cent,  upwards,  there  is  immediately  a  strong  effer- 
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'  the  testd  given  for  aloohol  «t  p.  127  iu&]^. 


also  be  o{  st 

The  detection  and  CRtimatioii  of  pnuslo  nald  in  the  essence  ifc 
carried  out  on  the  )iriuciples  detailed  in  Uiq  ai'title  on  Prumt 
Aeul. 

NitrobetKMte  is  indicated  wLen  the  <?asenco  is  not  entirely' 
soluble  in  a  solution  of  biaulpliate  of  potiudi,  and  tbe  Bpecifio.- 
gravity  ia  higher  tb&n  1'07,  tho  specific  gravity  of  mtrobenziaB' 
being  I'iiQto  1'29  ;  the  boiling  point  will  alao  be  raiaed.  In  sudL 
a  case  nitrobenzine  should  be  specially  tested  for,  by  changing  ii 
into  aniline  by  reducing  agents.  For  this  purpose  10  parta  dt 
dilute  sulphuric  acid  (specific  gravity  I'll?)  may  be  added  to  10- 
of  granulated  zinc  and  1  part  of  the  essence.  At  the  end  of  two' 
hours  (after  frequent  agitation)  the  fluid  is  passed  through  Ir 
moistened  filter,  and  a  crystal  of  chlorate  of  potash  added  to  the 
filtrate  with  a  drop  of  concentrated  sulphuric  acid.  If  a  violet 
or  red  colour  is  produced,  it  is  duo  to  the  presence  of  an  aniliiwi 
salt,  produced  fi-om  nitrobeniiiie ;  but  if  there  ia  no  i^loration, 
nitrobenzine  must  have  been  absent. 

Another  special  method  used  for  the  detection  of  nitrobendne 
was  proposed  by  Maisch : — 1  grm.  of  the  essence  is  dissolved  in 
twelve  times  its  volume  of  alcohol,  '75  of  caustic  melted  potash 
is  added,  and  the  whole  heated  until  the  liquid  is  diminished  to 
about  one-third.  The  pure  essence,  on  cooling,  is  of  a  light 
brown  colour,  and  dissolves  entirely  in  water;  but  if  nitroben- 
zine  is  present,  the  residue  is  brown,  crystalline,  and  insoluble 

The  action  of  sodium  on  the  essence  may  also  be  utilised  as  a 
test: — Pure  almond  essence,  when  treated  with  sodium,  gives 
white  fiocks ;  if  nitrobenzine  should  be  present,  the  sodium  is 
immediately  covered  with  yellow  or  brown  flakes,  according  to 
the  amount  of  adulteration;  if  the  percentage  rises  as  high  as 
0-30  to  050,  the  whole  liquid  after  a  minute  becomes  thick  and 
opaque. — ( Dragendarff. ) 

However,  the  action  of  potash  alone  on  a  sample  adulterated 
with  nitrobenzine  is  tolerably  conclusive.  If  1  grm.  of  the 
essence  is  treated  in  a  teat-tube  with  half  Its  weight  of  pur« 
caustic  potash,  a  yellow  coloration  is  produced,  should  the 
«ssence  be  pure  ;  but  if  nitrobenzine  be  present,  the  tint  soon 
becomes  yellowish-red,  and  at  the  end  of  a  minute  green.  On 
the  addition  of  a  little  water,  the  mixture  separates  into  two 
layers,  of  which  the  lower  is  yellow  and  the  upper  green,  tbe 
latter  changing  in  the  course  of  a  day  into  red.  Most  foroign 
tthemU  oils  may  be  detected  by  the  bisulphate  of  soda  test: — If  a 
little  of  the  pure  essence  be  dropped  into  a  warm  solution  of  this 
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alty  of  from  1*24  to  1*26  specific  gravity,  shaken,  and  then 
[ilated  with  hot  water,  it  is  fully  dissolved;  other  essences,  on 
he  contrary,  are  insoluble. 
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v.— ANNATTO. 

§  139.  Annatto  is  a  colouring  matter  obtained  from  the  seeds 
if  ihe  Bixa  orellana,  chiefly  prepared  in  Brazil  and  Cayenne. 
ythongh  not  used  itself  as  a  food,  it  enters  into  several  articles 
if  consumption,  and  has  been  employed  to  colour  milk,  butter, 
\nd  cheese. 

ChturacUr$^  Microscopical. — ^When  annatto  is  examined  by  the 
nicroscope,  the  outer  red  portion  presents  an  almost  homogeneous 
kppearance,  and  the  surface  of  the  seed  proper  consists  of  narrow 
nr  elongated  cells  or  fibres  vertically  disposed,  while  the  inner 
irhite  portion  consists  of  cells  filled  with  starch  corpuscles,  well 
lefinedy  of  medium  size,  and  resembling  in  the  elongated  and 
(teUftte  hilum  the  starch  granules  of  the  pea  and  bean. 

In  manufJEu^ured  unadulterated  annatto,  but  little  structure  is 
net  with.  Portions  of  the  outer  cells  may  be  seen;  and  in  those 
ipecimens,  which  in  the  course  of  their  preparation  have  not  been 
mbjected  to  the  action  of  boiling  water,  a  few  starch  granules 
naj  be  noticed. 
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Sinco  tUis  is  the  case  with  annatto  itself,  we  can  the  more  easily 
detect  the  presence  of  most  foreign  vegetable  substances,  such  as  ' 
turmeiic  powder,  the  starch  of  wliuat,  rye,  barley,  aud  sago  ; 
flours.  The  salt  and  alkali  present  in  the  annatto  geaerallj 
greatly  alter  the  apj>earance  of  the  turmeric.  Most  of  the 
colouring  matter  of  the  cells  is  discharged,  bo  that  the  starch 
corpuscles  contained  within  tfaem  become  visible.  Loose  starch 
granules  of  turmeric  may  also  be  frequently  seen,  and  in  oonse- 
quence  of  the  action  of  the  alkali  much  enlarged. 

§  140.  C/ieiniccU  Composition  «f  Annatlo. — Dr.  John  found  the 
pulp  surrounding  the  fresli  seed  to  consist  of  28  part* 
of  colouring  resinous  matter,  26'5  of  vegetable  gluten,  20  of 
ligneous  fibre,  30  of  colouring  extractive  matter,  4  formed  of 
matters  aualagous  to  vegetable  extractive,  and  a  tiuce  of  spicy 
and  acid  matters.  The  colouring  matter  consists  of  a  red  sub- 
stance— bi3:in,  associated  with  a  yellow  oreUin;  the  latter  hu 
been  as  yet  but  little  studied. 

§  141.  Bixin,  CjjHi^O,,  when  pure,  is  an  amorphous,  resinous, 
cinnabar-red  subatanci'.  It  is  acarct-ly  sohilih;  in  watiM-  nud 
bisulphide  of  carbon,  soluble  in  about  89  parts  of  cold,  and  in  25 
of  hot,  alcohol;  in  345  parts  of  ether,  in  93  of  chloroform,  and 
also  in  the  caustic  and  carbonated  alkalies.  The  alcoholic  solu- 
tion is  coloured  orange-red  by  lead  acetate,  browniah-yellow  by 
chloride  of  mercury  aud  acetate  of  copper,  brown-red  by  chloride 
of  iron,  and  it  is  precipitated  yellow  by  stannous  or  stannic 
chloride;  concentrated  sulphuric  acid  produces  a  deep  blue.  A 
solution  of  bixin  in  an  alkaline  liquid,  on  neutralisation  with  an 
acid,  gives  a  precipitate  of  the  resin,  and  in  this  way  it  may  be 
purified, 

§  142.  Adulterations. — Annatto  is  one  of  the  most  adulterated 
substances  met  with  in  commerce,  the  adulterants  being  both 
organic  and  inorganic.  The  organic  substances  used  are — tur- 
meric, rye,  barley,  aud  wheat  flour.s.  The  inorganic — sulphate  of 
lime,  carbonate  of  lime,  salt,  alkali,  an  oily  substance  (probably 
soap),  red  ferruginous  earths  (mostly  Venetian  red),  red  lead,  and 
copper. 

Wiien  large  quantities  of  fiour  and  lime  are  used,  the  colour 
of  the  annatto  is  so  reduced  that  it  becomes  necessary  tn  use 
salt,  alkalies,  and  the  red  earths,  to  restore  it  to  its  original 
standard.  Salt  heighteus  the  intensity  of  vegetable  reds,  hence 
its  use.  Lead  is  probably  introduced  into  the  annatto  through 
the  Venetian  red  used.  Copper  is  added  to  prevent  the  annatto 
becoming  attacked  by  fungi- 

Tbe  following  is  an  analysis  by  the  writer  of  a  fair  commerci^ 
sample. 
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No.  1.  The  sample  was  in  the  form  of  a  paste,  colour  deep  red, 
odour  peculiar,  but  not  disagreeable : — 

Water, 24*2 

Redo, 28*8 

Ash, 22-5 

Starch  and  Extractive  Matter,               .  24  5 

1000 

The  following  is  an  analysis  of  an  adulterated  sample.  It  was 
in  the  form  of  a  hard  brown  cake,  texture  hard  and  leathery, 
odour  disagreeable : — 

Water, .13-4 

Besin, 11*0 

Aah—coDsiBtiog  of  Iron,  Silica,  Chalk, )     ^.» 

Alamina,  and  Salt,  .        .        .  ( 

Extractive  Matter,         .        .        .  27 '3 

100-0 

§  143.  The  analysia  of  annatto,  as  may  be  gathered  from  the 
preceding  description,  principally  resolves  itself  into  a  determi- 
nation of  the  ash,  and  an  estimation  of  the  resin.  The  former 
ia  determined  in  the  usual  way,  the  latter,  by  exhausting  the 
sample  by  boiling  alcohol,  getting  rid  of  the  spirit  by  evaporation, 
and  then  redissolving  the  extract  thus  obtained  in  an  alkaline 
solution,  and  finally  precipitating  the  nearly  pure  resin  by  care- 
ful neutralisation  with  an  acid. 
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SECOND   DIVISION. 


DETECTION    OF    POISONS. 


PART    I. 


INTRODUCTORY. 

§  1.  In  the  Toxicological  portion  of  this  work,  many  substances 
usually  discussed  in  a  treatise  of  the  kind  have  been  intentionally 
omitted,  either  on  account  of  their  properties  being  well-known, 
of  £Bital  results  from  their  accidental  or  premeditated  use  being 
rare,  or  of  their  detection  offering  but  little  difficulty.  Such 
substances  are — the  strong  acids,  the  caustic  alkalies,  tartaric 
acid,  nitrate  of  potash,  &c.*  A  few  introductory  words,  however, 
on  the  general  manner  of  procedure  in  investigating  for  poisons 
may  not  be  out  of  place. 

In  rare  instances,  the  analyst  has  some  good  clue  (either  from 
the  symptoms  or  the  attendant  circumstances)  to  the  nature  of 
the  poison  which  has  caused  death,  and  can  at  once  pass  to 
the  best  and  most  convenient  special  process  for  the  discovery 
of  the  particular  substance.  In  most  cases,  however,  and 
especially  in  those  where  it  is  doubtful  whether  death  has 
resulted  from  disease  or  from  the  suspected  poison,  a  very 
exhaustive  and  methodical  analysis  is  necessary^  and  one  that 
will  detect  the  majority  of  poisons. 

S  2.  Symptoms  of  Poisoning. — With  regard  to  symptoms  in  the 
investigation  of  a  fatal  case  of  poisoning,  the  toxicologist  will 
necessarily  be  guided  by  the  statements  of  others,  for  he  will 
rarely  have  the  opportunity  of  seeing  a  similar  case  during  life. 
On  this  account,  therefore,  a  rough  classification  of  poisons, 
founded  on  the  principal  symptoms  they  produce,  may  be  found 
useful  : 

*  Mohr  very  correctly  observes — "  Most  toxicological  or  forensic  Manuals 
are  btudened  with  unnecessary  ballast.  The  history  of  metals  in  their 
awUllic  state,  of  the  discovery  of  substances,  and  the  description  of  all  the 
eonpoimdB  of  a  poisonous  metal,  do  not  belong  to  forensic,  but  to  general 
diemistry.  What  relation,  for  instance,  Sal-ammoniac,  Saltpetre,  Alum, 
Tsrtaric,  Citric,  and  Acetic  Adds,  the  Carbonates  of  Potash  and  Ammonia, 
bave  to  Toxioology,  we  cannot  conceive." — ^Dr.  F.  Mohr,  ''Chemische 
ToKioologie.''    Braimschweig,  1874,  p.  9. 

R 
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There  are  but  few  poisons  which  deafroy  life  in  a  feiif  minutes. 
Omitting  the  strong  mineral  acids  and  carbonic  anhydride,  with 
tlie  irrespirable  gaaes — frvssic  acid,  the  cyariidet,  oxalic  acid,  anil, 
ocoaBionally,  itrychnine,  are  the  chief  jioiaona  coming  under  this 

B.  Irritant  Poisons  {symptoms  niuinly  puin,  vomiting,  and 

purging). 
Arsenic,  antimony,  pkogpltorut,  eantltaTidea,  mvin,  ergot,  di<f{taiU, 
caldticum,  eiiie,  mercury,  lead,  copper,  silver,  iron,  baryta,  ckrom*, 
yews,  and  la.WrwJ.m. 

C.  Ikkitast  akd  Narcotic  Poisons  (symptoms   those  of  an 

irritant  nature,  with  the  addition  of  more  or  less  pro- 
nounced corcbral  indications). 
To  this  class  more  especially  belong  oxalic  acid,  nnd  l/ie  oxalaia, 

■with  several  poisons  belonging  to  the  purely  nai-cotic  class,  but 

wliieh  produce  occasionally  irritant  effects. 

d'. 

1.  Narcotics  (chief  symptom  insensibility,  which  may  be  pre- 
ceded by  more  or  less  cciebral  excitement):  Opium,  cldoral, 
chloroform. 

2.  Delibiants  (delirium  for  the  most  part  a  prominent  symp- 
tom) ;  Belladonna,  kyoscyamus,  stramonium,  with  others  of  to 
Solanacea;  to  which  may  be  B,6dsd -^ poisonous  fungi,  Indian 
hemp,  lolium  temulenlum,  cenwiUhe  crocata,  and  camp/ior. 

3.  CoNvuLSIVES. — Almost  every  poison  has  been  known  to  pro- 
duce convulsive  effects,  but  the  only  true  convulsive  poisona  are . 
the  alkaloida  of  tlie  stryclmog  class. 

4.  Complex  Nervous  Pubnoueka :  Aconite,  digHaltg,  hemhei, 
calabar  bean,  tobacco,  lobelia  ivflala,  and  curara. 

§  3.  MeUiod  of  Procedure. — Mineral  substances,  or  liquids  con- 
taining only  inorganic  matters,  can  cause  no  possible  difficulty 
to  any  one  who  is  practised  in  analytical  investigation ;  but  the 
subgtances  which  exercise  the  skill  of  the  expert  are  organic 
fluids  or  solids. 

Hie  tint  thing  to  be  done  is  to  note  accurately  the  manner  is 
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ivhich  the  samples  have  been  packed,  whether  the  seals  have 
been  tampered  with,  whether  the  vessels  or  wrappers  themselves 
are  likely  to  have  contaminated  the  articles  sent ;  and  then  to 
make  a  very  careful  observation  of  the  appearance,  smell,  colour, 
and  reaction  of  the  matters,  not  forgetting  to  take  the  weight, 
if  solid — the  volume,  if  liquid.  All  these  are  obvious  precautions, 
requiring  no  particular  directions. 

If  the  object  of  research  is  the  stomach  and  its  contents,  the 
latter  should  be  carefully  ti*ansferred  to  a  tall  conical  glass ;  the 
organ  cut  open,  spread  out  on  a  sheet  of  glass,  and  examined 
closely  by  a  lens,  picking  out  any  suspicious-looking  substance  for 
closer  observation.  The  mucous  membi*ane  should  now  be  well 
cleansed  by  the  aid  of  a  wash- bottle,  and  if  there  is  any  necessity 
for  destroying  the  stomach,  it  may  be  essential  in  important  cases 
to  have  it  photographed.  The  washings  having  been  added  to  the 
contents  of  the  stomach,  the  sediment  is  separated  and  submitted 
to  a  close  inspection,  for  it  must  be  remembered  that,  irrespective 
of  the  discovery  of  poison,  a  knowledge  of  the  nature  of  the  food 
last  eaten  by  the  deceased  may  be  of  extreme  value. 

If  the  death  has  really  taken  place  from  disease,  and  not  from 
poison,  or  if  it  has  been  caused  by  poison,  and  yet  no  definite 
bint  of  the  particular  poison  can  be  obtained  either  by  th& 
symptoms  or  by  the  attendant  circumstances,  the  analyst  has 
the  difficult  task  of  endeavouring  to  initiate  a  process  of  analysis 
which  will  be  likely  to  discover  any  poison  in  the  animal^ 
vegetable,  or  mineral  kingdom.  This,  although  theoretically 
possible,  becomes  in  practice  impossible,  and  an  approximation 
to  it  is  all  that  can  be  aimed  at. 

Taking  one  of  the  most  difficult  cases  that  can  occur — viz.,  on& 
in  which  a  small  quantity  only  of  an  organic  solid  or  fluid  is 
available — the  best  method  of  procedure  is  the  following: — Place 
the  matters  in  a  retort  or  flask,  and  submit  them  to  the  gentle 
heat  of  a  water-bath,  condensing  any  volatile  products ;  if  neces- 
■aiy,  water  may  be  added,  and  the  process  continued  a  reasonable 
time ;  it  is  then  repeated,  and  should  the  reaction  be  alkaline, 
the  aabstances  under  examination  are  fii*st  neutralised  (or,  rather, 
rendered  feebly  acid)  with  acetic  acid.  In  this  way  some  indica- 
tion of  such  poisons  as  prussic  acid  and  phosphorus  can  hardly 
fiul  to  be  obtained;  and  yi  order  the  more  readily  to  detect  the 
latter  substance,  it  is  essential  that  this  preliminary  distillation 
be  nndertaken  in  the  dark,  with  the  precautions  detailed  under 
FhosphoruB. 

The  distillation  completed,  the  next  step  is  to  dry  the  sub* 
ttaaoes^  which  must  be  effected  by  the  heat  of  the  water-bath* 
This  heat^  we  may  remark,  and  the  distillation  mentioned  above. 
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may  destroy  not  a  few  important  poisons,  Imt  scarcely  those  of 
more  frequent  occurrence.  Tiie  drying  will  not  be  complete 
unless  carried  out  in  open,  sliallow  dishes.  The  dry  residue  is 
now  exhausted  with  hot  absolute  alcohol,  then  with  alcohol  of 
90  per  cent.,  and  lastly  with  ether.  The  eth^  and  aloohol 
respectively  are  driven  otT,  and  the  extracts  dissolved  in  water, 
and  examined,  not  only  for  alkaloids  and  glucoaidee,  but  also  for 
organic  adds,  and  those  few  metallic  compounds  which,  like 
corrosive  sublimate,  are  soluble  in  ether  or  alcohol. 

Should  this  lead  to  no  result,  the  last  step  is  to  reunite  all  the 
residues  possible,  and  search  for  inorganic  poison-  This  is  done 
by  distilling  the  dried  substances  with  pure  hydrochloric  acid, 
by  means  of  a  sand-batli,  and  jiroperly  condensing  the  products — 
an  operation  which  should  be  repeated  twice  at  least,  and  each 
time  carried  to  dryness. 

Tiie  distillate  is  saturated  with  hydric  snlphide,  and  any  pre- 
cipitate collected  and  examined.  The  residue  in  the  retort  will 
contain  the  fixed  metals,  such  as  zinc,  copper,  lead,  4c.;  it  is 
treatoil  with  dilute  liydrwliloric  acid,  tillerod,  tlio  liltnite  sati.. 
rated  with  SHj,  and  any  precipitate  collected.  The  filtrate  is 
now  treated  with  sufficient  acetate  of  soda  to  replace  the  HCl, 
again  saturated  with  SH^,  and  any  precipitate  collected  and 
tested  for  zinc.     By  this  treatment,  viz. ; — 

1.  Collecting  the  volatile  products, 

2.  Searching  for  alkaloids,  glucosldes,  and  organic  acids, 

3.  Destroying  organic  matter,  and  searching  for  metals, 

a  very  fair  and  complete  analysis  may  be  made  front  a  rela- 
tively small  quantity  of  material.  There  is,  liowever,  fortnnatdy, 
in  most  cases,  sufficient  material  to  be  obtained  in  order  to 
admit  of  division  into  a  convenient  number  of  parts,  so  that  at 
least  one  portion  may  be  reserved  for  the  organic  and  another 
for  the  inorganic  poisons. 

§  4.  Destruction  of  Organic  Mailer,  &c. — The  destruction  of 
organic  matter  through  simple  distillation  by  means  of  pure 
hydrochloric  acid  is  the  most  perfect  which  has  been  devised, 
and  far  superior  to  that  by  sulphuric  acid,  chlorate  of  potash, 
and  the  carbonisation  methods.  The  object  of  the  chemist  not 
being  to  dissolve  every  fragment  of  cellular  tissue,  muscle,  and 
tendon,  but  simply  all  mineral  ingredients,  the  leas  organic 
matter  which  goes  into  solution  the  better.  That  hydrochloric 
acid  would  fail  to  dissolve  sulphate  of  baryta  and  sulphate 
of  lead,  and  that  sulphide  of  arsenic  is  also  almost  insoluble  in 
the  add,  is  no  objection  to  the  process  recommended,  for  it  is 
always  open  to  the  luialyst  to  treat  the  residue  specially  for  theaa 
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robstances.  The  sulphides  precipitated  by  hydric  sulphide  from 
in  acid  solution  are — arsenic,  antimony,  tin,  cadmium,  lead, 
bismuth,  mercury,  copper,  and  silver.  Those  not  precipitated 
are — iron,  manganese,  and  zinc;  of  the  three  last,  one  alone — 
viz.,  zinc — is  of  any  importance. 

As  a  rule,  one  poison  alone  is  present;  so  that  if  there  should 
be  a  sulphide,  it  will  belong  only  exceptionally  to  more  than  one 
metal. 

The  colour  of  the  precipitate  from  hydric  sulphide  is  either 
yellowish  or  black.  The  yellow  and  orange  precipitates  are 
Bulphur,  sulphides  of  arsenic,  antimony,  tin,  and  cadmium.  In 
pore  solutions  they  may  be  almost  distinguished  by  their  different 
hues,  but  in  solutions  contaminated  by  a  little  organic  matter 
ihe  colours  may  not  be  distinctive.  The  sulphide  of  arsenic  is 
of  a  pale  yellow  colour;  and  if  the  very  improbable  circumstance 
ahould  happen  that  arsenic,  antimony,  and  cadmium  occur  in 
the  same  solution,  the  sulphide  of  arsenic  may  be  first  separated 
by  ammonia,  and  the  sulphide  of  antimony  by  sulphide  of  sodium, 
leaving  cadmic  sulphide,  which  is  insoluble  in  both  of  theso 
solvents. 

The  black  precipitates  are — lead,  bismuth,  mercury,  copper, 
and  silver.  The  black  sulphide  is  freed  from  arsenic,  if  present, 
by  ammonia,  and  digested  with  dilute  nitric  acid,  which  will 
dissolve  all  the  sulphides,  save  those  of  mercury  and  tin,  so  that 
if  a  complete  solution  is  obtained  (sulphur  flocks  excepted),  it  is 
evident  that  both  these  substances  are  absent.  The  presence  of 
oopper  is  betrayed  by  the  blue  colour  of  the  nitric  acid  solution, 
and  through  its  special  reactions;  lead,  by  the  deep  yellow 
precipitate  which  falls  by  the  addition  of  chromate  of  .potash  and 
acetate  of  soda  to  the  solution ;  bismuth,  through  a  white  preci- 
pitate on  dilution  with  water.  If  the  nitric  acid  leaves  a  black 
msoluble  residue,  this  is  probably  sulphide  of  mercury,  and 
should  be  treated  with  concentrated  hydrochloric  acid  to  separate 
flocks  of  sulphur,  evaporated  to  dryness,  again  dissolved,  and 
tested  for  mercury  by  iodide  of  potash,  copper  foil,  &c.,  as 
described  in  the  article  on  Mercwry.  Zinc  is  likewise  tested  for 
hi  the  filtrate  as  described  in  the  article  on  Zinc, 
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§  5,  Ilydroryanic  ^eiW— Hydric  eranide — apecific  gravitv  if 
liqiii.l  0-7(10»  at  "O^C,  boiling  point "SG-ST.  {80°F.),  H(!y  r.'  27. 
The  nohydrous  acid  is  not  an  iirticle  of  commerce,  Hnd  is  only 
met  witli  in  the  laboratory.  It  ia  a  colourless,  transparent 
liquid,  and  so  extremely  volatile  that,  if  a  drop  fall  on  a  glass 
plate,  a  portion  of  it  freezes.  It  has  a  very  peculiair  peacb- 
blosaom  odour,  and  is  intensely  poisonous.  It  reddens  litmus 
feebly  and  transiently,  dissolves  red  oxide  of  mercury  freely, 
forma  a  white  precipitate  of  argentic  cyanide  when  treated  with 
silver  nitrate,  and  responds  to  the  other  tests  described  here- 
after. 

§  6.  Medicinal  Preparations  of  PrusKic  .icii/.— The  B.P.  acid  is  a 
watery  solution  of  prussic  acid ;  its  specific  gravity  should  be  0-997, 
and  it  should  contain  2  per  cent,  of  the  anhydrous  acid.  2  per 
cent,  is  also  the  amount  specified  in  the  pharmacopeias  of 
Switzerland  and  Norway,  and  in  that  of  Boruasica  (VI.  ed.)  i  the 
latter  ordains,  however,  a.  spirituous  solution,  and  the  Nor- 
wegian an  addition  of  "1  per  cent,  of  concentrated  sulphuric  acid. 
The  French  pnissic  acid  is  ordered  to  be  prepared  of  a  strength 
equalling  10  per  cent. 

The  adulterations  or  impurities  of  prussic  acid  are  hydrochloric, 
sulphuric,*  and  formic  acids.  Traces  of  silver  may  be  found  in 
the  French  acid,  which  is  prepared  from  cyanide  of  silver.  Tar- 
taric acid  is  also  occasionally  jjresent.  Hydrochloric  acid  is  most 
readily  detected  by  neutralising  with  ammonia,  and  evaporating 
to  dryness  in  a  water-bath;  the  ammonium  cyanide  decomposes 

A  traoe  of  lolphurlc  or  hydrochloric  acid  ehould  not  be  called  u 
'''~"iM,  for  it  grentljr  auista  the  preservation,  and  therefbro  makM  the 
ater  therapeutic  efficiency. 
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and  volatilises,  leaving  as  a  saline  residue  chloride  of  ammonium. 
This  may  easily  be  identified  by  the  precipitate  of  chloride  of 
silver,  which  its  solution  gives  on  testing  with  silver  nitrate,  and 
by  the  deep  brown  precipitate  with  Nessler  solution.  Sulphuric 
acid  is,  of  course,  detected  by  chloride  of  barium,  formic  acid  by 
boiling  a  small  quantity  with  a  little  mercurous  oxide;  if  present, 
the  oxide  will  bo  reduced,  and  metallic  mercury  fall  as  a  grey 
precipitate.  Silver,  tartaric  acid,  and  any  other  fixed  impurities 
are  detected  by  evaporating  the  acid  to  dryness,  and  examining  any 
residue  which  may  be  left.  It  may  be  well  to  give  the  various 
strengths  of  the  acids  of  commerce  in  a  tabular  form  : — 

Per  cent. 

British  Pharmacopeia,  Switzerland,  Norway,  and  Bor.  (vj),    2 

France, 10 

Vauqaelin's  Acid, 3*3 

Scheeies's        ,, 4  to  5* 

Biner's  ,, 10 

Bobiquet*8       „ 50 

Schraeders     ,, 1*5 

Daflos's  „ 9 

Pfaff's  „ 10 

KoUefs  „ .        25 

In  English  commerce  the  analyst  will  scarcely  meet  with  any 
acid  stronger  than  Scheeles's  5  per  cent. 

§  7.  Poisoning  by  Frussic  Add, — Irrespective  of  suicidal  or 
criminal  poisoning,  accidents  from  prussic  acid  may  occur — 

1.  From  the  use  of  the  cyanides  in  the  arts. 

2.  From  the  somewhat  extensive  distribution  of  the  acid,  or 
i-ather  of  prussic-acid-producing  substances  in  the  vegetable 
Jcingdom. 

1.  In  the  Arts, — The  galvanic  silveringf  and  gilding  of  metals, 
photography,  the  colouring  of  black  silks,  the  manufacture  of 
Berlin  blue,  the  dyeing  of  woollen  cloth,  and  in  a  few  other 
mannfacturing  processes,  the  alkaline  cyanides  are  employed,  and 
not  nnfrequently  fumes  of  prussic  acid  developed. 

2.  In  the  Vegetable  Kingdom. — A  large  number  of  plants  con- 
tain amygdaline,  or  bodies  formed  on  the  type  of  amygdaline.  In 
the  presence  of  emulsin  (or  similar  principles)  and  water,  this 

*  Strength  very  uncertain. 

f  The  preparation  uaed  for  the  silvering  of  copj[)er  vessels  is  a  solution  of 
^jtjnde  of  silver  in  potassic  cyanide,  to  which  is  added  finely  i>owdered 
«fajilk.  Manipnlations  with  this  fluid  easily  develop  hydrocyanic  add 
Hamm,  which,  m  one  case  related  by  Martin  {Aerlzl.  intelligenzbL,  p.  135» 
1872)f  ^tn  powerful  enough  to  produce  symptoms  of  poisoning. 
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breats  np  into  prussic  acid  and  other  compoTrnds — an  interest- 
ing reaction  usually  represented  thus — 

CjjHjjNO,!  +  SHjO   =   CNH  +   C^Hfi  +  2CeHi,0c 

1  equivalent  of  antygdaline — i.e.,  157  parts — yielding  1  equivalent 

of  CNH  or  27  parts ;  ia  other  words,  100  parts  of  amygdaline 

,    yiflii  theoretically  5-90D    parts  of  prussic   acid,*  so   that  the 

iimoiiut   of  either  being   known,  the  other   caa  be   calculated 

Tho  following  plants,  with  many  others,  all  yield,  by  appropri- 
ate treatment,  more  or  less  prussic  acid  : — Bitter  almouds  (Amys- 
dulua  communis)  j  the  Amygdaltts  peraiee  ;  the  cherry  laurel  (Prv- 
nu»  lattroceragua) ;  the  kernels  of  the  plum  {Prunvt  dotiuiitiea) ; 
tlui  hark,  leaveSj  flowers,  and  fruit  of  the  wild  service-tree  {Pruniis 
padus) ;  the  kernels  of  the  common  cherry  and  the  apple  ;  the 
leaves  of  the  Prwiue  eayricida;  the  bark  of  the  Fr.  nrginiaita; 
tlie  flowers  and  kernels  of  the /"r.  »/)ijio««;  the  leaves  of  the  Ceratut 
acUa  ;  the  hark  and  almost  all  parts  of  the  Sorbjis  aiKVpnria,  S. 
hyhrvla  and  .S',  tormbialis ;  the  young  twigs  of  the  Crataijus 
oxycantha;  the  leaves  and  partly  also  the  flowers  of  the  shrubby 
Spirmacea,  such  as  Spirea  aruneus,S.  sorbi/olia,  and  S.  japaniea  ,'f 
together  with  the  roots  of  the  bitter  and  sweet  Oasaava. 

In  only  a  few  of  those,  however,  has  the  exact  amount  of  either 
prussic  acid  or  amygdaline  been  determined ;  1  grm.  of  bitter 
almond  pulp  is  about  equal  to  2J  mgrma.  of  anhydrous  prussic 
acid.  The  kernels  from  the  stones  of  the  cherry,  according  to 
Geiaeler,  yield  3  per  cent,  of  amygdaline  ;  therefore,  1  grm.  equals 
1-7  mgrm.  of  HCN.  From  the  kernels  of  the  wild  service 
tree,  Hermann  separated  IJ  per  cent,  of  amygdaline  (I  grm,= 
HON,  -8  mgrm.);  Kiegel,  from  the  flower,  fruit,  and  hark,  1  per 
cent.  (1  grm.  =  HON,  -6  mgrm.);  and  Frances,!  ^'^  *  recent  re- 
search on  the  prussic  acid  in  cassava  root,  gives  as  the  mean  in  the 
sweet  cassava  -0168  per  cent.,  in  the  bitter  -0275  per  cent.,  the 
majcimum  in  each  being  respectively  '0238  per  cent,  and  -0442  per 
cent.  The  bitter  fresh  cassava  root  has  long  been  known  as  * 
very  dangerous  poison;  but  the  sweet  has  hitherto  been  considered 
harmless,  although  it  is  evident  that  it  also  contains  a  consider- 
able quantity  of  prussic  acid. 

*  According  to  Liebig  aod  Wohler,  17  arms,  of  amygdalino  yield  1  of 
pmadc  acid  (i.e.,  6'7  per  cent.)  and  8  of  oil  of  bitter  almondB.  34  parti  of 
amygdalino,  mixed  with  6G  of  emntsin  of  olmonda,  give  ■  fluid  eqnalBng  tbe 
strenrth  of  acid  of  most  pharmacopeiai,  viz. ,  2  per  cent. 

t  The  bark  and  green  parts  of  the  .^-unui  avium,  L.,  Frtatvt  ffloAoIefr,  L, 
and  Iwrbaoeont  SMratt  yield  no  pnuiic  acid. 

^  On  Pnudo  Aeid  from  Canava,  Analyit,  April,  1S77i  I>.  5. 
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In  cases  of  cnminal  poisoning  by  pmssic  acid,  the  defence 
not  nnfrequently  insists  upon  the  poison  developing  internally 
ihrongh  fruit  previously  eaten;  and  in  some  cases  it  may  be 
advisable  for  the  analyst  to  make,  if  possible,  special  quantitative 
experiments  on  the  frUits  the  deceased  is  supposed  or  known  to 
have  eaten. 

§  8.  Action  of  Prussic  Acid  on  the  Blood. — Hydrocyanic  acid 
combines  with  the  hsemoglobin  of  the  blood,  and  is  slowly  excreted  ; 
it  also  more  than  any  other  poison  prevents  the  exchange  of 
oxygen.  If  blood  saturated  with  hydrocyanic  acid  bo  treated  in 
an  absorption  tube  with  pure  oxygen,  the  gas  is  not  absorbed,  nor 
is  the  colour  of  the  blood  changed;  if  blood  saturated  with  oxygen 
be  confined  over  mercury,  and  a  little  hydrocyanic  acid  in  solu- 
tion be  added,  there  is  a  gi*adual  development  of  gas,  which  is  found 
to  consist  of  oxygen  and  carbonic  anhydride. 

Hydrocyanic  acid  appears  to  form  a  definite  crystalline  compound 
with  the  blood ;  and  Hoppe  Seyler  has  observed  crystals  from 
blood  containing  HON,  in  which  the  latter  was  in  such  powerful 
combination,  that  they  crystallised  out  of  warm  water.  By 
distillation  with  an  acid,  prussic  acid  was  obtained.*  Kalphf* 
has  described  blue  masses,  like  Berlin  blue,  in  the  blood,  which  he 
considers  characteristic  of  hydrocyanic  acid  poisoning.  Dragen- 
dorff  has  specially  looked  for  this  appearance,  but  has  failed  to 
find  the  blue  substance. 

According  to  Schonbein,  the  blood  corpuscles  possess  the 
power  of  decomposing  peroxide  of  hydrogen  into  water  and  oxy- 
gen ;  they  lose  this  property  if  the  blood  contains  hydrocyanic 
acid.  In  the  latter  case  an  addition  of  peroxide  of  hydrogen^: 
prodnces  a  brown  colour  with  the  blood,  and  causes  the  spectro- 
scopic bands  to  disappear.  As  we  have  stated,  this  brown  colour 
is  not  produced  by  normal  blood.  Normal  blood,  again,  effer- 
▼esoes  (owing  to  the  escape  of  oxygen)  when  treated  with  hydrio 
peroxide;  this  does  not  take  place  with  the  cyanised  blood. 
Caspar  speaks  very  favourably  of  these  characteristics*  as  con- 
firmatory tests  in  cases  of  suspected  prussic  acid  poisoning.§  In 
performing  the  test  with  cyanide  of  potash,  the  alkali  decomposes 
nydric  peroxide,  and  it  is  necessary  to  neutralise  with  an 
acid.|| 

*  VMumfaArchvv.  fur  Path.  AnaL  Bd.  38,  p.  435. 

i-  Jaum.  <^Micro$cop.  Science.    London,  new  series,  Oct.  24, 1866. 

X  Peroxide  of  hydrogen  is  an  article  of  commeroe ;  should,  however,  none 
be  si  hud,  it  may  be  prepared  by  heating  baryta  in  a  current  of  air,  then  by 
ttia  aetum  of  dilate  HCl  in  the  peroxide  of  barium  a  solntion  of  HsO^  is 


I  Biuttnmekt  dth  ed.,  pi.  497. 

I  Jllddl,  Die  Yergiftimg  mit  Blansanre.    Erlaogen,  1876. 
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§9.  Falal  Dose  of  Ilyilroci/anic  Acid  and  Cyanide  of  Potadi,  &c. 

— Dr.  Tajlor  considers  that  1  gntio  (6-4  centignns.)  of  aiiLj- 

lirouH  prussic  acid  woiilil  commonly  suffice  to  destroy  the  life  of  an 

ndult.      The  smallest  dose  of  cyanide  of  potassium  which  has 

1  therto  )  eett  k  o  tu  to  dest  oy  life  is  a  little  le&s  than  5  grains. 

§  1       T  If  J I  o    a    c   Icul  and  Collide  of  PoUagivm. — 

( I  )  Tl  1  n  trah.  to  a  solution  containing  pnis- 

6     a     1  *  produces  a  precipitate  of  ar^entia 

II  t  c  cjanjde  are  composed  of  80-fiO 

\      1    1    1  I     t  to  ''1-4  HON.      It  is   a    white 

an!     Irou    j        |  t  1   1 1    e  ther  in  nmmonia  or  in  a  solutiira 

of  cyan  dc  of  potnM    m   1    t  naoluble  in  dilute  nitric  acid  and 

at  r    L 1  on  gn     o  d  counposed  into  CN  and  metallic  silver, 

m     ed    ill    a  1      1    ]      a       n  de  of  s  Iver. 

V  I  I      tl  e     lentilicatiou  of  cyanide  of  silrei 

I     Ml  11         1     I  erfe  tly  dry  cyanide  in  a  closed  or 

I    I      I  r}3taIsof  iodine.  On  heating  slightly 

I  I  1     ed  1    b  autiful  needles.     These  cryi- 

I       1      1   n  a  dilute  solution  of  potash,  a  little 

Ilia  d  hj  drochloric  acid,  ttnil  in   this '>r*y 

I        1     If  tl     q  autity  to  be  tested  ia  small,  tbe 

I  J   nay  lee   ol   ed  ui  a  very  short  test  tnbe,  Oie 

closed  bj  the  ordinary  thin  discs  of  microscopic 
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xtited  to  dryness  in  the  water-bath,  a  little  water  added,  and 
then  a  small  drop  of  solution  of  chloride  of  iron  ;  if  hydrocyanic 
acid  is  present,  the  sulphocyanide  of  iron  will  be  formed  of  a 
striking  blood-red  colour. 

(4.)  The  reaction  usually  called  Schonbein's,  or  Pagenstecher  and 
Schonbein's*  (but  long  known,t  and  used  before  the  publication 
of  their  paper),  consists  of  guiacum  paper,  moistened  with  a  very 
dilute  solution  of  sulphate  of  copper  (1  :  2000);  this  becomes  blue 
if  exposed  to  the  vapour  of  hydrocyanic  acid.  Unfortunately, 
the  same  reaction  is  produced  by  ammonia,  ozone,  nitric  acid, 
hypochlorous  acid,  iodine,  bromine,  chromate  of  potash,  and 
other  oxidising  agents,  so  that  its  usefulness  is  greatly  restricted. 

(5.)  A  very  delicate  test  for  prussic  acid  is  as  follows  : — About 
one-half  centigrm.  (2  grains)  of  ammonia,  ferrous  sulphate  (or 
other  pure  feiTOus  salt),  and  the  same  quantity  of  uranic  nitrate, 
are  dissolved  in  50  cc.  of  water,  and  1  cc.  of  this  test-liquid  is 
placed  in  a  porcelain  dish.  On  now  adding  a  drop  of  a  liquid 
containing  the  smallest  quantity  of  prussic  acid,  a  grey-purple 
colour,  or  a  distinct  purple  precipitate,  is  produced.;^ 

(6.)  A  hot  solution  of  potassic  cyanide,  mixed  with  picric  acid, 
assumes  a  blood-red  colour,  due  to  the  formation  of  picrocyanic 
acid.  Free  HON  does  not  give  this  reaction,  and  therefore  must 
first  be  neutralised  by  an  alkali. 

All  these  tests,  where  there  is  sufficient  material,  can  be 
directly  applied  either  to  the  solution  of  prussic  acid  itself,  or  to 
that  of  cyanide  of  potash ;  where  necessary,  neutralising  the  one 
with  an  alkali,  and  acidifying  the  other  with  an  acid — cyanide  of 
potash  readily  yielding  free  prussic  acid. 

§  1 1.  Fru89ic  Acid  or  Cyanide  of  Potash  in  Organic  Matters  {such 
ms  the  contents  of  t/ie  stomachy  <fec.).§ — The  substances,  if  iiuid, 
are  at  once  placed  in  a  retort  or  flask,  after  acidification  with 
snlphuric  acid ;  if  solid,  they  may  be  finely  divided  or  pulped, 
and  distilled  with  acidulated  water.  It  has  hitherto  been  the 
custom  to  perform  this  operation  by  the  moderate  heat  of  a 

•  yems  BepeH,  der  PJiarm,,  18,  356. 

t  *  This  reaction  (with  tincture  of  guiacum  and  cop]>er)  has  be^n  long 
known.  I  remember  a  pharmaceutist,  who  attended  my  father's  laboratory, 
lowing  me  this  test  in  1828  or  1829."— Mohr's  '*  Toxicologie/*  n.  92. 

t  M.  Casey  he^—Amer.  Joum.  of  Science  [3],  ix.  121-123 ;  J.  C.  Society, 
1B76.  vol  i.,  p.  112. 

f  In  the  search  for  cyanides,  the  analyst  must  not  commit  the  unpardonable 
ennor  of  first  producing  a  cyanide  by  reagents  acting  on  animal  matters,  and 
then  detecting  as  a  poison  th^  cyanide  thus  manufactured.  If,  for  example, 
a  healthy  liver  is  carbonised  by  nitric  acid,  saturated  with  potash,  and  then 
burnt  np,  cyanide  of  potash  is  always  one  of  the  products ;  and,  indeed,  the 
aahee  of  a  great  variety  of  nitrogenous  organic  substances  may  contain 
fjiniflw    cyanirtre  not  pro-existing,  but  manufactured  by  oombinsAicstL. 
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'watcr-bath,  receiving  the  distillate  in  a,  little  weak  potash  water, 
and  not  prolonging  the  proceaa  beyond  a  few  hours  ;  and,  indeed, 
for  the  mere  detection  of  prussic  acid  this  is  quite  enfiicient. 
The  experiments  of  Sokoloff,  however,  throw  a  grave  doubt  on 
the  suiUibility  of  this  simple  method  for  quantitative  results. 

N.  Sokoloff*  recommends  the  animal  substances  to  be  treated 
by  water  strongly  acidified  with  hydric  sulphate,  and  then  t«  to 
distilled  in  the  water-bath  for  from  two  to  three  days  !  or  to  b» 
diatilleJ  for  twenty-four  hours,  by  the  aid  of  an  oil-bath,  at  a  higk' 
temperature.  He  gives  the  following  esample  of  quantit«ti*» 
analysis  by  the  old  proceaa  of  merely  distilling  for  a  few  hours, 
and  by  the  new  ; — 

Old  Procem. — (1.)  Body  of  a  hound — age,  two  years  ;  weight, 
5180  grms.;  dose  administered,  57  mgrma.  HCN  ;  death  in  fifteea 
toiuutes.  After  five  days  there  was  found  in  the  saliva  0'6  mgnn., 
stomaeh  3'2  mgrms.,  in  the  rest  of  the  intestines  2'6  mgrms.,  ift' 
the  muscles  4'1 — total,  10'5. 

(2.)  Weight  of  body,  4000  Rmis.;  dose  giveo,  38  mgrms. ;  deati 
in  eluvcn  iiiiutites.  After  fifto'T  .lays,  in  tlio_  saliva  0-?,  in  the 
stomach  7'2,  in  the  rest  of  the  intestines  2'2,  in  the  muscles  3'2 
— total,  13'-1. 

New  Frocess. — Weight  of  body,  5700  grms.;  dose,  57  mgrms.; 
death  in  twenty-four  minutes.  After  fifteen  days,  in  the  saliva 
I'l  mgrm.,  in  the  stomach  2-6,  in  the  rest  of  the  intestines  96,  in 
the  muscles  31'9,  and  in  the  whole,  43'2  mgrms.  Duration  of 
process,  thirteen  hours. 

From  a  second  hound,  weighing  C800  grms.,  dose  57'nigrmB., 
25'1  mgrms.  were  separated  three  days  after  death. 

From  a  third  hound,  weigliing  5920  grms.,  dose  98  mgrms. ;  afler 
forty  days,  by  distillation  on  a  sand-bath,  there  were  separated 
2'8  mgrms.  from  the  saliva,  4*8  from  the  stomach,  IG'8  from  the 
intestines,  23'6  from  the  muscles — total,  48  mgrms. 

It  would  also  appear  that  he  has  separated  512  mgrms.  of 
anhydrous  acid  from  the  corpse  of  a  dog  which  had  been 
poisoned  by  57  mgrms.  of  acid,  and  buried  sixty  days.t 

From  another  canine  corpse,  three  days  laid  in  an  oven,  and 
left  for  twenty-seven  days  at  the  ordinary  temperature,  5'1  mgrms. 
were  recovered  out  of  a  fatal  dose  of  38  mgrms. 

The  estimation  was  in  each  case  performed  by  titrating  the 
distillate  with  argentic  nitrate,  the  sulphur  compounds  having 
been  previously  got  lid  of  by  saturating  the  distillate  with  KHO, 
and  precipitating  by  lead  acetate. 

*  Ber.  d.  deaiaeh.  C'htm.  OtteOMch.     Berlin,  \x.  1023. 
tWithontwuhingtoducredit  the  itatementaofM.  Sokoloff,  we  mar  paint 
0i)t  that  a  loM  of  bau  a  doien  milligraiiuaea  only  appear*  rather  Ortnonuiury. 
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§  12.  How  long  trfter  Death  cam,  Pru$sic  Acid  and  Cyanide  of 
Potash  he  Detected?* — SokolofTf  appears  to  have  separated  prussic 
acid  from  the  body  of  hounds  at  very  long  periods  after  death, 
in  one  case  sixty  days ;  Dragendorff  recognised  cyanide  of  potash 
in  the  stomach  of  a  hound  after  it  had  been  four  weeks  in  his 
laboratory,}  and  in  man  eight  days  after  burial.  Caspar 
also,  in  his  211th  case,  states  that  more  than  18  mgrms.  of 
anhydrous  prussic  acid  were  obtained  from  a  corpse  eight  days 
after  death ,§  so  that  even  in  very  advanced  stages  of  putre&ction, 
and  at  periods  after  death  extending  beyond  two  months,  the 
detection  of  prussic  acid  cannot  be  pronounced  impossible. 

§  13.  E8tima4;ion  of  Hydrocyofnic  Add  or  Potaaaic  Cyamde. — 
In  all  cases  the  readiest  method  of  estimating  prussic  acid 
(whether  it  be  in  the  distillate  from  organic  substances,  or  in 
aqueous  solution),  is  to  saturate  the  liquid  with  soda  or  potash, 
and  titrate  the  alkaline  cyanide  thus  formed  with  nitrate  of  silver. 
The  process  is  based  on  the  fact  that  there  is  first  formed  a 
soluble  compound  (KCy,  AgCy),  which  the  slightest  excess  of 
silyer  breaks  up,  and  the  insoluble  cyanide  is  at  once  precipi- 
tated. If  grains  are  used,  17  grains  of  nitrate  of  silver  are 
dissolved  in  water,  the  solution  made  up  to  exactly  IQOO  grain 
measures,  each  grain  measure  equalling  -0054  grain  of  anhydrous 
hydrocyanic  acid.  If  grammes  are  employed,  the  strength  of  the 
nitrate  of  silver  solution  should  be  1*7  grm.  to  the  litre,  each 
ec.  then  =  -0054  hydrocyanic  acid,  or  *01302  grm.  of  potassic 
cymide. 

Essential  oil  of  bitter  almonds  may  also  be  titrated  in  this 
way,  provided  it  is  diluted  with  sufficient  spirit  to  prevent 
tnrbicUty  from  separation  of  the  essential  oiL  If  hydrocyanic 
acid  is  determined  gravimetrically  (which  is  sometimes  con- 
▼enient,  when  only  a  single  estimation  is  to  be  made),  it  is  pre- 
cipitated as  cyanide  of  silver,  the  characters  of  which  have  been 
already  described. 

Hydric  tulphocyanide,  HSCN,  in  very  large  doses  is  poisonous. 
Stdphocyanide  of  potash  (according  to  Dubreuil  and  Legros),||  if 

*  In  opcDinor  a  body  where  prussic  acid  is  suspected  as  the  cause  of  death, 
it  may  oe  well  to  follow  the  luivice  of  Caspar,  and  deviate  from  the  regular 
coarte,  by  opening  the  head  first  The  oaour  of  pmssic  acid  will  probably 
be  purer  ana  more  perceptible  in  the  brain  than  in  the  stomach  and  intestines, 
in  which  a  very  foul  smell  is  nearly  always  present  ('*  Handbuchder  Gericht- 
lichen  Medicin."  p.  495).  The  odour  of  prussic  acid  is  generally  perceptible  in 
poiMming  by  ]x>tas8ic  cyanidOf  for  the  latter  is  so  easily  decomposed,  the 
ibrmer  Ming  one  of  the  products. 

t  See  ante,  p.  252. 

i  Dragendorff,  6.,  Beiir,  zur  OerichL  Chem.,  p.  59. 
Caspar's  '*  Pract  Handbuch  der  Qerichtlichen  Medidn,"  p.  561. 
OompL  Rend.,  t.  64^  p.  1256,  1867. 
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II. -CHLOROFORM  AND  CHLOIUL.  ^ 

§  14.  Chloroform — CHCL,  HpectGc  (travtty  1'497,  boiling  point 
C1°C.  (U2°F.)— is  a  eoJoiirltiss,  volatile  liquid,  of  high  i-efracting 
])ower,  soluble  in  alcohol  and  ether,  but  dissolviuj^  verj  Bparingly 
in  water.  Acciilenta  from  time  to  time  occur  from  the  use  of 
chloroform,  and  it  may  come  under  the  notice  of  tlio  chemist  as 
a  poison.  Occasionally,  but  very  rarely,  it  is  found  adulterated, 
the  common  sophistications  or  impuritieB  being  alcohol,  wood- 
spirit,  methylated  chlorofonn,  aldehyde,  free  hydrochloric  and 
liydrochlorous  acids. 

Alcohol. — Tho  chloroform  of  commerce  usually  contains  a 
small  ftmount  of  alcohol,  and  if  this  does  not  exceed  6  per  cent. 
it  would  be  unwis..-  to  tonslder  it  an  iHUiUei-atiLHi.  Tliu  dot.Ttioii 
of  alcohol  may  be  effected  by  Davy's  test  (see  p.  127),  or  by  ferrous 
dinitro  sulphide.  The  latter  may  be  made  by  the  action  of 
ferric  chloride  on  a  mixture  of  potassic  nitrate  and  ammonic 
sulphide,  and  on  shaking  it  iqi  with  the  chloroform  a  green 
colour  will  be  produced,  if  alcohol  is  present.  Other  tests  ate — 
(1.)  The  specific  gravity  :  if  there  is  any  considei-able  adulteration 
with  alcohol,  this  will,  of  course,  be  much  under  1-49  ;  and  (2.) 
the  behaviour  in  water;  if  the  chloroform  be  dropped  into 
water,  the  drops  (instead  of  sinking  as  pure  pellucid  beads)  will 
become  quite  opaque  should  alcohol  be  present,  and  on  shaking 
the  mixture  up  it  will  become  milky. 

MetliyUited  Chloroform,  owing  to  the  presence  of  about  6 
j>et  cent,  of  an  empyreumatic  oil,  leaves  an  unpleasant  odour 
behind  it,  if  permitted  to  evaporate  spontaneously  on  a  cloth. 

Aldehyde  reduces  nitrate  of  silver,  and  hydrochloric  acid  can  be 
detected  by  the  reaction  of  the  liquid,  aud  also  by  the  ordinary 
nitrate  of  silver  test. 

§  15.  The  DeUction  and  Separation  of  CfUoroform  from  organic 
substances  is  not  difficult,  its  low  boiling  point  causing  it 
to  distil  readily.  Accordingly  (whatever  may  he  the  ultimate 
modifications,  as  suggested  by  different  experimenters),  the 
first  step  is  to  bring  the  substances,  unless  fluid,  into  a  pulp 
with  water,  and  submit  this  pulp  to  distillation  by  the  heat  of  a 
vateF'bath.  If  the  liquid  operated  upon  possesses  no  particular 
odour,  the  chloroform  may  in  this  way  be  recognised  in  the 
distillate,  which,  if  necessary,  may  be  redistilled  la  the  suae 
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manner,  so  as  to  concentrate  the  volatile  matters  in  a  small 
compass.  Generally,  however,  offensive  animal  matters  present 
will  complicate  the  analysis,  and  it  will  then  be  necessary  to 
determine  chloroform  by  the  fact  that  its  vapour  may  be  decom- 
posed at  a  red  heat  into  chlorine  and  hydrochloric  acid.  The 
various  methods  of  obtaining  this  reaction  are — 

(a.)  The  flask  containing  the  pulp  may  have  a  glass  tube  in 
connection,  dipping  into  nitrate  of  silver,  and  carrying  one  or 
two  pieces  of  litmus  paper,  the  tube  to  be  heated  in  one  spot 
with  the  flame  of  a  Bunsen  burner  or  spirit  lamp. 

(6.)  The  tube  from  the  flask  may  pass  through  a  combustion 
furnace,  and  the  decomposed  vapour  be  finally  drawn  (by  means 
of  an  aspirator)  through  Liebig's  bulbs,  containing  an  acid  solu- 
tion of  silver  nitrate;  or  air  maybe  propelled  through  the  whole 
apparatus  by  a  system  of  bellows. 

(c.)  The  same  arrangement  as  in  (b.)  may  be  adopted,  using 
pieces  of  caustic  lime  in  the  combustion  tube.  The  chlorine 
combines  with  the  lime  to  form  chloride  of  lime,  which  may  be 
dissolved  in  dilute  nitric  acid,  and  precipitated  by  niti*ate  of 
silver. 

In  any  or  all  of  the  above  cases,  if  the  weight  of  the  chloride 
of  silver  is  known,  the  amount  of  chloroform  may  be  calculated,. 
143-5  Ag,  NO3  =  39-83  CHCJ3.  Should  the  circumstances  of  the 
case  permit  of  a  few  drops  of  chloroform  itself  being  obtained 
pare,  it  may  be  identified  by  what  is  usually  termed  Hofimann*a 
test--- viz.,  warming  the  chloroform  with  aniline  and  alcoholic 
soda-lye,  which  produces  isonitrU,  easily  detected  by  its  odour.* 

§  16.  ChloraL — This  being  easily  decomposed  into  chloroform, 
tests  for  the  latter  partly  apply  to  it  also.  It  may,  however,  be 
readily  separated  from  its  watery  solution  by  petroleum  ether^ 
or  by  ether;  the  latter  is  preferable.  Chloral,  through  normal 
soda  solution,  is  immediately  decomposed  into  formiate  of  soda 
and  chloroform,  a  reaction  which  forms  a  ready  means  of  quanti- 
tative estimation.  Excess  of  soda-lye  being  added,  the  liquid  ia 
titrated  back,  1  cc.  of  normal  soda-lye  corresponding  to  0-1655' 
grm.  of  chloral  hydrate.  Should  an  acid  already  be  present,  it 
iDAj  be  neutralised  by  carbonate  of  lime,  without  injury  to  the 
result. 

*  lodofbrm,  bromoform,  and  chloral  also  respond  to  this  teat 
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III.— PHOSPHORUS. 

5  17.  Phosphorus. — Atomic  weight  3],  specific  gntTity  1-77  tv 
1-840,  melting  point  44''C.,  boiling  poiat  about  3WC.  The 
jihoBphonis  of  comnierco  is  uaunlly  in  the  form  of  wwxj  semi* 
transparent  sticka,  preserved  under  water;  if  espoaed  to  the  air, 
white  fiimcs  are  given  off,  with  a  peculiar  onion-like  odour ;  anj 
if  obiierveil  in  the  dark,  there  is  emission  of  a  spontaceoits  ligkL- 
PhoaphoruB  is  easily  iuflammable,  insoluble  in  water,  slightly 
soluble  in  alcohol  and  ether,  somewhat  more  so  in  f&tt;f  and 
ethereal  oils,  and  to  a  Htill  greater  extent  in  bisulphide  of  oivboiL  ' 
Phosphorus  exists  in,  or  can  be  oanverte«l  into,  aut-ther  allotropis 
moditicatioQ, — viz.,  the  red  or  amorphous  phosphorus:  tbtl 
variety  is,  however,  not  poisonous,*  and  therefore  need  not  ba  1 
described  hore.t 

§  18.  Fhospfiuretted  II<i<lrogni. — PfMtpfune,  PH3,  moL  wei^ 
34,  specific  gravity  1178,  percentage  composition  91-43  phos- 
phorus; 8-57  hydrogen  by  weight.  The  absolutely  pure  gas  It' 
not  spontaneously  inflammable,  but  that  made  by  the  ordtDU^ ' 
process  is  so.  It  is  a  colourless,  highly  poisonous  gas,  which  dosB-, 
not  support  combustion,  but  is  itself  combustible,  burning  to 
phosphoric  acid  (PHj  +  20,  =  PO.Hg).  Extremely  dangeroui 
explosive  mixtures  may  be  made  by  combining  phos^ihinc  and 
lygen.     Phosphine,  when  quite  dry,  bums  with  a  whiU 
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The  excess  of  silver  can  be  separated  by  hydric  chloride,  and  the 
phosphoric  add  made  evident  by  the  addition  of  molybdic  acid 
in  excess — a  test  which  is  one  of  the  best  we  have  for  phosphine, 
and  hence  for  phosphorus. 

$  19.  Hhe  Medicinal  FreparatUma  of  Phosphorus  are  not 
numerous;  it  is  usually  prescribed  in  the  form  of  pills,  often 
made  by  manufacturers  of  coated  pills  on  a  large  scale.  Besides 
pills,  there  is  a  phoaphorcOed  oil;  that  of  the  French  pharma- 
copeia is  made  with  1  part  of  dried  phosphorus  dissolved  in  50 
purtB  of  warm  almond  oil;  that  of  the  German  has  1  part  in 
80;  the  strength  of  the  former  is  therefore  2  per  cent.,  of  the 
latter  1*25  per  cent. 

§  20.  McUches  and  Vermin  Pastes, — An  acquaintance  with  the 
percentage  of  phosphorus  in  the  different  pastes  and  matches 
of  commerce  will  be  found  useful.  Most  of  the  vermin-destroy- 
ing pastes  contain  about  2  per  cent,  of  phosphorus,  but  matches 
differ  much  in  composition.  Six  match-heads,  which  had  been 
placed  in  an  apple  for  criminal  purposes,  and  were  submitted 
to  Tardieu,  were  found  to  contain  20  mgrms.  of  phosphorus, 
i,e,y  33  grms.  in  100.  Mayet  found  in  100  matches  55  mgrms. 
of  phosphorus.  Some  of  the  published  formularies  are  aa 
fcdlows: — 


(1.)  Glue^ 

Phofiphoms, 
Nitre, 
Red  Ocbre,. 
Blue  Smalts, 

(2.)  Phospbonu, 
Gum, 
Nitre, 
Smalts, 

(3,)  ]nioephoniB, 
Glne, . 
Nitre, 

Bed  Lead,  . 
Smalts, 

(4)  I^iosphorns, 
Glue, 
Nitre, 
Bed  Lead, . 


6  parts. 

4    ,,      or  14*8 percent 
10 
5 
2 


l> 


9  parts,  or  16*3  per  cent. 
16 
14 
16 

4  parts,  or  14*8  per  cent. 

6 

10 

5 

2 


ft 


17  parts,  or  17  per  cent. 

21 

38 

24 


>» 


PhosphoniB- poisoning  by  matches  will,  however,  shortly 
become  very  rare,  for  those  containing  the  ordinary  variety  of 
phoBphorus  are  gradually  being  superseded  by  matches  of  excel- 
lent quality,  wMch  contain  no  phosphorus  whatever. 

§  2L  Phosphorus  as  a  Poison,  —  Phosphorus  of  late  yeax^\AK^ 
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comB  into  very  extensive  use  in  medicine  ;  but  in  England 
com  para  lively  few  cases  of  poisoning  by  its  means  are  on  record, 
lu  the  writer's  experience,  however,  it  ia  very  commonly  used 
for  the  destruction  of  animals  by  country  people,  when  promirted 
by  revenge  or  other  underhand  motives,  the  choice  of  tlie  drug 
being  doubtless  owing  to  the  facility  with  which,  under  the  form 
of  "  rat  poison,"  it  can  be  obtained. 

§  22.  Fatal  Doae. — The  smallest  fatal  dose  on  record  is  that 
mentioned  byLobenstein  Lobei,  of  Jena,  where,  it  would  appear, 
n  lunatic  died  from  taking  one-eighth  of  a  grain.  Other  caws 
are  also  to  be  found  in  works  of  jurisprudence,  which  prove 
that  less  than  one  grain,  taken  in  u  single  dose,  may  destroy 
life, 

§  23.  T/ie  Detection  of  PhoiijJiortu. — The  following  are,  in  brie( 
the  chief  tests  for  the  detection  of  phospboruB:— • 

1.  MUscherlich'a  Proeesx. — The  essential  feature  of  this  process 
is  simply  distillation  of  free  phospkonie,  and  observation  of  its 
luminous  properties  as  the  vapour  condenses  in  the  condensing 
tube.  The  conditions  necessary  for  success  nre— (1.)  that  tho 
apparatus  should  be  in  totiU  darkiu'w.s;!  ninl  (2.)  that  there 
ahould  be  no  substance  present,  such  as  alcohol  or  ammonia, 
which,  distilling  over  with  the  phosphorus- vaj)our,  could  destroy 
its  luminosity.  A  convenient  apparatus,  and  one  certain  to  lie 
in  all  laboratories,  is  an  ordinary  Florence  flask,  containing 
the  liquid  to  be  tested,  fitted  to  a  glass  Liebig's  condenser, 
supported  on  an  iron  sand-bath  (which  may,  or  may  not,  have  a 
thin  layer  of  sand),  and  heated  by  a  Fletcher's  low  temperature 
burner  —  the  distillate  is  received  into  a  flask.  This  apparatus, 
if  in  darkness,  works  well;  but  should  the  observer  wish  to  work 
in  daylight,  the  condenser  must  be  enclosed  in  a  box  pw^ectly 
impervious  to  light,  and  having  a.  hole  through  which  the 
luminosity  of  the  tube  may  bo  seen,  the  head  of  the  operator  and 
the  box  being  covered  with  a  cloth.  If  there  be  a  stream  of 
water  passing  continuously  through  the  condenser,  a  beautiful 
luminous  ring  of  light  appears  in  the  upper  part  of  the  tube, 
where  it  remains  fixed  for  some  time.  Should,  however,  the 
refrigeration  be  imperfect,  the  luminosity  travels  slowly  down  the 
tube  into  the  receiver.     In  any  cose,  the  delicacy  of  the  test  is 

*  It  baa  been  recommended  to  dissolve  the  phoapbomB  out  from  orjjuitc 
matters  by  carbonic  disulphide.     On  cvniio ration  of  the  Utter,  the  phoa- 

iihoruB  is  recognised  by  its  physical  prO|>erties.  Such  a  method  is  of  bat 
imiteil  applicatioo,  although  it  may  sometimes  lie  found  useful.  The  writ^ 
has  successfully  employed  it  in  the  extraction  of  pboapboms  from  th«  crop 

of  a  fowl ;  but  on  this  occasion  it  happened  to  be  present  in  1»™ '^'- 

+  Any  considerable  amount  of  pbosphorescence  can,  however,! 
in  twilighL 
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ertraordinary.*  If  the  organic  liquid  is 
alkaline,  or  even  neutral,  there  will  certainly 
be  some  evolution  of  ammonia,  which  will 
distil  over  before  the  phosphorus,  and  retard 
(or,  if  in  sufficient  quantity,  destroy)  the 
luminosity.  In  such  a  case  it  is  well,  as  a 
precautiou,  to  add  enough  sulphuric  a«id 
to  fix  the  ammonia,  omitting  such  addition 
if  the  liquid  to  be  operated  upon  is  acid. 

2.  The  Prodtiction  of  Phosphine,  PH3. — 
Any  method  which  produces  phosphuretted 
hydrogen,  enabling  that  gas  to  be  passed 
through  nitrate  of  silver  solution,  may  be 
used  for  the  detection  of  phosphorus.  Thus, 
Sonnenschein  states  that  he  has  found  phos- 
phorus in  extraordinarily  small  amount, 
mixed  with  various  substances,  by  heating 
with  potash  in  a  flask,  and  passing  the  phos- 
phine  into  silver  nitrate,  separating  the 
excess  of  silver,  and  recognising  the  phos- 
phoric acid  by  the  addition  of  molybdate  of 
ammonia.t 

3.  Tests  Dependent  on  the  Combustiono/ P/ios- 
phine^  PH3. — A  hydrogen  flame,  containing 
only  a  minute  trace  of  phosphorus,  or  of  the 
lower  products  of  its  oxidation,  acquires  a 
beautiful  green  tint,  and  possesses  a  charac- 
teristic spectrum.  In  order  to  obtain  the 
latter  in  its  best  form,  the  amount  of  phos- 
phine  must  not  be  too  large,  or  the  flame 
will  become  whitish  and  livid,  and  the  bands 
lose  their  defined  character,  rendering  the 
spectrum  continuous.  Again,  the  orifice  of 
the  tube  whence  the  gas  escapes  must  not 
be  too  small ;  and  the  best  result  is  obtained 
when  the  flame  is  cooled. 

M.  Salet  has  proposed  two  excellent 
methods  for  the  observation  of  phosphine  by 
the  spectroscope : — 

*  Freseniiis  states  that  he  and  Nenbaner,  with  1 
vmtxL  of  phosphorns  in  200,000,  recognised  the  light, 
wmeh  lasted  for  half  an  hour. — ZeUschr.f,  Anal. 
Ckem.j  L,  p.  336. 

t  Sannenschein,  ''Handbach  der  Gerichtlichen 
Chemie."    Berlin,  1369. 
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(1.)  He  projects  the  phoBpliorus-flame  on  a  plane  vertieal 
Hiirface,  maintained  constantly  cold  by  meaus  of  a  tlim  layer  of 
viiniiing  water ;  tlie  green  colour  is  eapecially  prodnceil  in  tlie 
neiglibourliood  of  the  cool  aiirfaco. 

(2.)  At  the  level  of  the  boue  of  the  H&me,  there  is  an  aonnlar 
space,  through  which  a  stream  of  cold  air  is  continually  bluMm 
upwards.  Thns  cooled,  the  light  is  very  prononnoed,  and  the  red 
band,  cd7'03  (Fig.  14),  which  is  almost  invisible  in  the  ordinary 
method  of  examination,  is  plainly  seen.  The  accompanying  dia> 
gi'nn)  (p.  2oS)  is  taken  from  Boisbaudran,*  and  figures  accurately 
the  rel&tivo  position  of  the  lines  of  a  slightly  (»oled  phosphine 

An  appftratns  (devised  by  Blondlot,  and  improved  by  FresenitiH> 
for  the    production   of   the    pboapiiino   flanio  in    tuodico-legftl 
8  represented  in  the  following  diagi'am  : — 


Several  of  the  details  of  this  appaiMtus  may  bo  modified  at  tie 
convenience  of  the  operator.  A  is  a  vessel  containing  sulphuric 
acid ;  B  is  partly  filled  with  granulated  zinc,  and  hydrogen 
may  be  developed  at  pleasure ;  c  contains  a  solution  of  nitrate 
of  silver ;  d  in  &   tube  at  which  the  gaa  can  be  lit ;  «,  a  flask 

"  Sptdrtt  Luminntx,  par  M.  I*coq  de  Boiabaailran.  Paris,  1874.  Sw 
■Iw  Chriatofle  and  BeiUtrum's  AbhaiuUiinfj  iu  Fretenivs.  Ztitchr.  /.  Jfl 
Chtm.,  B.  2,  p.  466,  and  B.  3,  p.  147. 
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containing  the  fluid  to  be  tested,  and  provided  with  a  tubSy/y  at 
which  also  the  gas  issuing  can  be  ignited — the  orifice  should 
be  provided  with  a  platinum  nozzle.  When  the  hydrogen  has 
displaced  the  air,  both  tubes  are  lit,  and  the  two  flames,  being 
side  bj  side,  can  be  compared.  Should  any  phosphorus  come  over 
from  the  zinc  (a  possibility  wliich  the  interposed  silver  nitrate 
ought  to  guard  against)  it  is  detected ;  the  last  flask  is  now  gently 
warmed,  and  if  the  flame  is  green,  or,  indeed,  in  any  case;  it  aJiould 
be  examined  by  the  spectroscope.* 

4.  LipauMa  Sulphur  Teat — Sulphur  has  the  peculiar  property 
of  condensing  phosphorus  on  its  surface,  and  of  this  Lipowitz  pro- 
posed to  take  advantage.  Pieces  of  sulphur  are  digested  some 
time  with  the  liquid  under  research,  subsequently  removed,  and 
slightly  dried.  When  examined  in  the  dark,  should  phosphorus 
be  present,  they  gleam  strongly  if  rubbed  with  the  finger,  and 
develop  a  phosphorous  odour.  The  tost  is  wanting  in  delicacy, 
nor  can  it  well  be  made  quantitative;  it  has,  however,  an  advan- 
tage in  certain  cases,  e.g,,  the  detection  of  phosphorus  in  an  alco- 
holic liquid. 

5.  Scheerer^s  Test, — The  reducing  action  of  phosphorous  acid 
on  silver  nitrate  furnishes  a  very  delicate  test.  A  piece  of  filter 
paper,  soaked  in  solution  of  nitrate  of  silver,  and  suspended  in  a 
flask  containing  phosphorus  (or  a  liquid  in  which  phosphoms  is 
in  suspense),  soon  turns  black.  SH2  must  of  course  be  excluded, 
so  that  its  presence  should  be  tested  for  by  a  similar  paper  pre- 
viously dipped  in  a  solution  of  lead  acetate.t 

A  combination  of  these  various  methods  is  useful,  if  pho;^ 
phorus  should  be  present  in  very  small  quantity.  The  substanci^s 
are  distilled  in  an  atmosphere  of  COj — the  distillate  (which  may 
gleam  when  shaken  up  with  air,  and  would  tlius  give  evidence  of 
phosphorus)  is  decomposed  by  neutral  nitrate  of  silver ;  the  pre- 
cipitate is  collected,  washed,  and  then  put  in  the  apparatus  for 
developing  hydrogen,  already  figured  and  described.  As  an 
additional  precaution,  the  gas  may  be  made  to  pass  over  pumice- 
stone  moistened  with  caustic  potash. 

§  24.  Haw  long  can  Phosphortcs  be  recognised  after  DecUhf — 
One  of  the  most  important  matters  for  consideration,  is  the  time 
af^  death  in  which  free  phosphorus,  or  free  phosphoric  acids, 
can  be  detected.  Any  phosphorus  changed  into  ammon.  mag. 
phosphate,  or  into  any  other  salt,  is  for  medico-legal  purpoee» 
entirely  lost,  since  the  expert  can  only  take  cognisance  of  the 

*  F.  Selmi  has  proposed  the  simple  dipping  of  a  platinum  loop  into  a 
liquid  contuiiiiig  phosphoric  acid,  and  then  inserting  it  into  the  tip  of  a 
hydrogen  flame. 

i"  Arnne  also  blackens  nitrate  of  silver.  (See  the  article  on  Araevic) 
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free    state,   as    phospLui 


nubs  tan  ce    either 
free  acid. 

The  question,  again,  way  be  asked  in  court — Does  the  decom- 
poaitiou  of  animal  substances  rich  in  pho.tphoruH  develop  phoa- 
phine  ?  The  answer  to  tiiis  is,  that  no  such  reaction  has  been 
observed.  I 

A  case  ia  related  (in  Pkarm.  ZeiUch.f.  Hustt.;  Jahrg.  2,  p.  87) 
in  which  phosphorus  was  recognised,  although  the  body  had  beea 
buried  for  several  wreks,  and  then  exhumed.  i 

The  expert  of  pharmacy  of  the  Provincial  Government  Bonrd  ( 
of  Brealau  has  also  made  some  experiments  in  this  direction,  which  ] 
are  worthy  of  note: — Four  giiinea-pigs  were  poisoned,  each  by  j 
0-023  grm.  of  phosphorus;  they  died  in  a  few  hours,  and  weM 
buried  in  sandy  loam  soil  0-5  metre  deep.     Exhumation  of  tbS' 
first  took  place  four  weeks  after.    The  putrefying  organs — heart,  ■ 
liver,  spleen,  stomach,  and  all  the  intestines,  tested  by  Mitsclier- 
lich's  distilling  metliod — showed  characteristic  pbosphoreaoeuoe 
for  nearly  one  hour. 

The  second  animal  was  exhumed  after  eight  weeks  in  a  highly 
putrescent  state.  Its  eutrails,  on  distillation,  Khoned  the  plios- 
phorescent  appearance  for  thirty- five  minutes. 

The  third  animal  was  taken  from  the  earth  after  twelve  weeks, 
but  no  free  phosphorus  could  bo  detected,  although  there  was 
evidence  of  the  lower  form  of  oxidation  (PO3)  by  Btondlot's 
method. 

The  fourth  animal  was  exhumed  after  fifteen  weeks,  hut 
neither  free  phosphorus  nor  PO3  could  be  detected. t 

A  man,  as  well  as  a  cat,  was  poisoned  by  phosphorus.  On 
analysis,  twenty-nine  days  after  death,  negative  results  were 
alone  obtained.     (^Sonnenschein.) 

It  will  thus  be  evident  that  there  is  no  constant  rule,  end 
that,  even  when  decomposition  is  much  advanced,  an  examina- 
tion Tnay  be  successful. 

The  organs  to  be  examined  for  phosphorus  are,  principally,  the 
stomach,  with  its  contents,  and  the  liver.  If  not  found  in  eitber, 
it  may  yet  be  detected  in  the  intestines,  for  in  one  case  it  woulii 
appear  that  Dragendorff  found  phosphorus  in  the  ctecum,  be'' 
nowhere  else.  The  urine  should  also  be  tested ;  in  several  casi^ 
a  strong  alliaceous  odour  has  been  observed,  leading  to  tb^ 
detection  of  small  quantities  of  phosphorus.^ 

*  A  partial  cbaage  of  pliosphnnis  teto  pliospliine  in  the  systeni  is  iledu^ 
to  occur  by  Schaehardt  and  Dybkowsky ;  liutthlaagniais  denied  by  Bnchci'"- 

t  VUrtdjahrmdir^  fur  GtriehUichu  MeOiein.    Jan.    7,   1876,    Sea  ^      i 
Zzitathr./.  AnaL  CAemlf.     1872. 

J  S«  Solmi,  ffna  CAiw.  IlaL,  iv.  478. 
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§  25.  Tli6  Quantitative  Estimation  of  P/iosphorus  is  best  carried 
out  by  oxidising  it  into  phosphoric  acid,  and  estimating  as  amm. 
magnesian  phosphate.  To  effect  this,  the  substances  are  distilled 
in  an  atmosphere  of  COg  into  a  flask  with  water,  to  which  a  tube 
containing  silver  nitrate  is  attached ;  the  latter  retains  all  phos- 
phine,  the  former  solid  phosphorus.  If  necessary,  the  distillate 
may  be  again  distilled  into  AgNOj;  and  in  any  case  the  contents 
of  the  U  tube  and  flask  are  mixed,  oxidised  with  nitromuriatic 
acid,  filtered  from  silver  chloride,  and  the  phosphoric  acid  deter- 
mined in  the  usual  way. 

In  the  case  of  a  chUd  poisoned  by  lucifer  matches,  Sonnen- 
Bchein  estimated  the  free  phosphorus  in  the  following  way : — 
The  contents  of  the  stomach  were  diluted  with  water,  a  measured 
part  filtered,  and  the  phosphoric  acid  estimated.  The  other  por- 
tion was  then  oxidised  by  HCl  and  potassic  chlorate,  and  the 
phosphoric  acid  estimated — the  diflerence  being  calculated  as 
free  phosphorus. 


PART     III. 

ALKALOIDS  AND   POISONOUS  VEGETABLE  PKIN- 

CIPLES    SEPARATED  FOR  THE  MOST  PART 

BY  ALCOHOLIC  SOLVENTS. 


I.— ALKALOIDS. 

§  26.  G eneroZ  Testa /or  Alkalaidi. — In  oi-der  to  ascertain -whetL^r 
an  alkaloid  Ls  presfut  or  not,  a  method  of  extraction  must  \» 
jniraued  wliieh,  while  disposing  of  fatty  matters,  salts,  tfc&,  shall 
ilissolve  as  little  as  jiossiltlQ  of  foreign  substances;  such  a  meth<>^ 
of  Stas,  or  one  of  its  modem  modH- 
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Aniline, 

Morphine, . 

Narcotine, . 

Quinine, 

(^chonine, 

Codeine, 

Strychnine, 

Bmcine, 

Veratrine,  . 

Jervin, 

Aconitine, . 

Emetin, 

Theioe, 

Theobromine, 

Solanine,    . 

Atropine,   . 

Hyoscyamine, 

Colchicine, 

Belphinine, 

Beroerin, 

Conine,       . 

Nicotin, 

Piperin, 


Bright-yellow,  fioocolent. 


99 


Brownish-yellow,    ,, 
Whitish-yellow,      „ 


f> 


t» 


Brownish-yellow,  Yolnminous. 
White-yellow, 
Yolk-yellow,  flocculent. 
Bright-yellow, 


>> 


ft 


»» 


»> 


ft 


>» 
f  f 


Bright-yellow,  voluminons. 

ff  ft 

Citron-yellow,  pnlveralent. 

Bright-yellow,  nocculent. 


»f 
ft 


Orange-yellow, 
Gray-yellow,  voluminous. 
Dir&r-yellow,  flocculent. 
Bright-yellow,  Yoluminous. 


t» 


»» 


Brownish-yellow,  flocculent. 


(2.)  SUico-Tvingstic  Acid  aa  a  BeagerU  for  Alkaloids, — Sodium 
tnngstate  is  boiled  with  freshly- precipitated  gelatinous  silica.  To 
the  solation  is  added  mercurous  nitrate,  which  precipitates  the 
yellow  mercurous  silico  tungstate.  This  is  flltereid,  well  washed, 
and  decomposed  by  an  equivalent  quantity  of  hydrochloric  acid  ; 
silioo-tongstic  acid  then  goes  into  solution,  and  mercurous  chloride 

i calomel)  remains  behind.  The  clear  filtrate  is  evaporated  to 
Irive  off  the  excess  of  hydrochloric  acid,  and  furnishes,  on  spon- 
taneous evaporation,  large,  shining,  colourless  octahedra  of  silico- 
tongstic  acid,  which  effloresce  in  the  air,  melt  at  36°C.,  and  are 
easily  soluble  in  water  or  alcohol. 

This  agent  produces  no  insoluble  precipitate  with  any  metallic 
salt.  Ccndum  and  rubidium  salts,  even  in  dilute  solutions,  are 
precipitated  by  it ;  neutral  solutions  of  ammonium  chloride  give 
with  it  a  white  precipitate,  soluble  with  difficulty  in  large  quan- 
tities of  water.  It  precipitates  solutions  of  the  salts  of  quinine, 
cinchonine,  morphine,  atropine,  &c, ;  if  in  extremely  dilute  solu- 
tion, an  opalescence  only  is  produced :  for  instance  it  has  been 
obeerved  that  cinchonia  hydrochlorate  in  aoo^)oo>  <l^iii^  hydro- 
chlorate  in  T^^TjTj^)  morpliia  hydrochlorate  in  wjgj^  dilution,  all 
gave  a  distinct  opalescence.  {ArcJdv  der  Fnarm,,  Nov.,  Dr. 
Bichard  Godeflfroy.) 

(3.)  ScheibUr's  Method  for  Alkaloids :  PIiospho-Tungstic  Acid, — 
Ordinary  commercial  sodium  tungstate  is  digested  with  half  its 
weight  of  phosphoric  acid,  specific  gravity  1*13,  and  the  whole 


fAtiuj;  ulkaloidtj  froiu  nn  eth« 
posed  by  Selmi.*  The  alcoboli 
liltered,  is  evaporated  at  (iS'C 
iiltered,  and  decolorised  by  1 
thrown  out  by  sulphuretted 
centration  repeatedly  extract 
solution  saturated  witli  dry 
some  of  the  alkaloids.     The  ei 
a  clean  vessel,  and  mLxed  wit 
through  which  a  current  of  C 
may  cause  the  precipitatioD  of 
by  dry  COj.     If  the  whole  of 
these  means,  the  solution  is  de 
oxide,  and  a  solution  of  tartan 
taken   to  avoid  excess) ;  this 
present.     The  detection  of  an; 
effected  by  mixing  with  bariui 
agitating  with  pureed  amyli 
alkaloids  may  be  subsequentl; 
dilate  sulphuric  acid. 

§  27.  Met!u>i 
(1.)  Stas'a    Proceis.  —  The 
vards    modified    bv    Otfr.*^ 
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Bubstitution  of  acetic,  hydrochloric,   or  sulphuric  for  tartaric 
acid. 

But  to  Dragendorff  we  owe  decidedly  the  best  general  method 
of  separation,  since  it  is  applicable  not  only  to  alkaloids,  but  to 
glucosides,  and  other  active  principles  derived  from  plants.  His 
process  is  essentially  a  combination  of  those  already  known,  and 
its  distinctive  features  are  the  shaking  up — (1.)  of  the  acid  fluid 
with  the  solvent,  thus  removing  colouring  matters  and  certain 
non-alkaloidal  principles;  and,  (2.)  of  the  same  fluid  made  alkaline. 
The  following  is  his  method  in  full.  It  may  be  advantageously 
used  when  the  analyst  has  to  search  generally  for  vegetable 
poison,  although  it  is,  of  course,  far  too  elaborate  for  every  case  ; 
and  where  from  any  circumstance  there  is  good  ground  for  sus- 
pecting the  presence  of  one  or  two  particular  alkaloids  or  poisons, 
the  process  may  be  much  shortened  and  modifled.  * 

(2.)  Dragendorff* B  Process, 

L  The  substance,  in  as  finely-divided  form  as  possible,  is 
digested  for  a  few  hours  in  water  acidified  with  sulphuric  acid, 
at  a  temperature  of  40°  to  50°C.,  and  this  operation  is  repeated  two 
or  three  times,  with  filtering  and  pressing  of  the  substances ; 
later,  the  extracts  are  united.  This  treatment  (if  the  tempera- 
tare  mentioned  is  not  exceeded)  does  not  decompose  the  majority 
of  alkaloids  or  other  active  substances ;  but  there  are  a  few  {e.g., 
Bolanine  and  colchicine)  which  would  be  altered  by  it ;  and  if 
such  are  suspected,  maceration  at  the  common  temperature  is 
necessary,  with  substitution  of  acetic  for  sulphuric  acid.f 

II.  The  extract  is  next  evaporated  until  it  begins  to  be  of  a 
syrupy  consistence ;  the  residue  mixed  with  three  to  four  times 
its  volume  of  alcohol,  macerated  for  twenty-four  hours  at  about 
34**C.,  allowed  to  become  quite  cool,  and  filtered  from  the 
foreign  matters  which  have  separated.  The  residue  is  washed 
with  alcohol  of  70  per  cent. 

III.  The  filtrate  is  freed  from  alcohol  by  distillation,  the 
watery  residue  poured  into  a  capacious  flask,  diluted  (if  neces- 
sary) with  water,  and  filtered.  Acid  as  it  is,  it  is  extracted  at  the 
common  temperature,  with  frequent  shaking,  by  freshly-rectified 
petroleum  ether ;  and  after  the  fluids  have  again  separated,  the 
petroleum  ether  is  removed,  carrying  with  it  certain  impurities 

*  Dragendorlfs  *'Gerichtlich  chemische  Ermittelimg  von  Gifben."  St. 
Petenbnrg,  1876,  p.  141. 

t  When  blood  is  to  be  examined  it  is  better  to  dry  it,  and  then  powder  aod 
extract  with  water  acidified  with  dilute  sulphuric  acid.  However,  if  the 
scM^illed  volatile  alkaloids  are  suspected,  this  moditication  is  to  be  omitted. 


i;i;siiin;  or 

I'lTlIO 

1.    It    is    Crvstal- 

2.  It  IS. 

tlNE. 

A.  It  is  ydloiBuh, 

A.  It 

iind  with  diiEculty 

volatilised. 

•.    The    crystals 

-.    Cc 

are  dissolved  by  con- 

sulphuric 

centrated  Bulphutic 

solves 

acid,  with  tlie  pro- 

difttely— 

duction  of  a    clear 

later  gree 

yellow  colour,  pass- 

CoTutilt. 

ing      into      brown 

bloc 

and  greenish-brown. 

Piperin. 

fi.  The  solution  in 

suljihuric 

acid  remains  yellow 

;    cyanide 

of  potash    and   caustic   potash 

coloar  it,  on  warming, 

blood-red. 

Picric  acid. 
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benzine,  till  a  little  of  the  last-obtained  benzine  extraction  leaves 
on  evaporation  no  residue.  The  benzine  extracts  are  now 
united,  and  washed  by  shaking  with  distilled  water ;  again 
separated  and  filtered,  the  greater  part  of  the  benzine  distilled 
fjfna  the  filtrate,  and  the  remainder  of  the  fluid  divided  and 
evaporated  on  several  watch-glasses. 

llie  evaporated  residue  may  contain  theine,  colchicine,  cubebin, 
digitaline,  cantharidin,  colocynthin,  elaterin,  caryophylline, 
abs^Tithin,  cascarillin,  populin,  santonin,  <S:c.,  and  traces  of 
veratrine,  delphinine,  physostigmine,  and  berberin. 

A  remnant  of  piperin  and  picric  acid  may  remain  from  the 
previous  treatment  with  petroleum  ether. 


THE  BENZINE  RESIDUE  FROM  THE  ACID  SOLUTION. 


1.  It  is  Crystalline. 
A.  Well-formed,  Colourless 
Crystals. 

«.  Sulphuric  acid  dissolves 
the  hair- like  crystals  without 
diange  of  colour;  evaporation 
with  chlorine  water,  and  subse- 
quent treatment  with  ammonia, 
gives  a  murexide  reaction. 

Theine, 

fi»  Sulphuric  acid  leaves  the 
rhombic  crystals  uncoloured. 
The  substance,  taken  up  by  oil, 
and  applied  to  the  breast,  pro- 
duces a  blister.        CantJiardin, 

y.  Sulphuric  acid  leaves  the 
scaly  crystals  at  first  un- 
coloured, then  slowly  develops 
a  reddening.  It  does  not  blis- 
ter; warm  alcoholic  potash-lye 
colours  it  a  transitory  red. 

ScmUmin, 

Z,  Sulphuric  acid  dissolves 
the  spherical  grains  orange-yel- 
low, and  this  solution  is  coloured 
by  nitric  acid  a  transitory  violet. 

f.  Sulphuric  acid  colours  the 
crystals  almost  black,  whilst  it 
taJLCB  itself  a  beautiful  red 
colour.  Cuhebin, 


2,  It  is  Amorphous. 
A.  Colourless  or  Pale  Yel- 
low Residue. 
«.  Sulphuric  acid  dissolves 
it  at  first  yellow ;  the  solution 
becoming  later  red.  Frohde's  re- 
agent does  not  colour  it  violet. 

JSlaterin. 


/3.  Sulphuric  acid  dissolves 
red;  Frohde's  reagent  violet- 
red  ;  tannic  acid  does  not  pre- 
cipitate. Fojmliru 

y.  Sulphuric  acid  dissolves  it 
extremely  red ;  Frohde's  reagent 
a  beautiful  cherry-red;  tannic 
acid  precipitates  a  yellowish- 
white.  ColocyrUhinin. 


3.  Sulphuric  acid  colours  it 
gradually  a  beautiful  red,  whilst 
tannin  does  not  precipitate. 
ConsHtuerUs  of  the  Pimento, 


y.  Caustic  potash  dissolves  it 
purple.  Aloe/in. 

C  Mostly  undefined  Coloub- 
LESS  Cbystals. 


«.  Sulphuric  acid  dissolves  it 
green  brown;  bromine  colours 
this  solution  red ;  dilution  with 
water  again  green.  The  sub- 
stance renders  the  heart-action 
of  a  trog  slower.  Digitalxne. 

e.  Sulphuric  acid  dissolves  it 
orange,  then  brown,  lastly 
red-violet   Nitric  acid  dissolves 
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D.  Genkrallt  Undefined  Yellow  Crystallisation. — Sul- 
phuric acid  dissolves  it  olive  green.  The  alcoholic  solution  gives 
with  iodide  of  potash  a  colourless  and  green  crystalline  precipi- 
tate. Berberin, 

.  V.  As  a  complete  exhaustion  of  the  watery  solution  is  not  yet 
attained  by  the  benzine  agency^  another  is  tried. 

THE  WATERY  SOLUTION  IS  NOW  EXTRACTED  IN  THE  SAME 

WAY  BY  CHLOROFORM. 

In  chloroform  the  following  substances  are  especially  taken 
up: — Theobromine,  narceine,  papaverin,  cinch onine,  jervin,  be- 
sides picrotoxin,  syringin,  digitaline,  heUeborine,  convallamarin, 
saponin,  senegin,  smilacin.  Lastly,  portions  of  the  bodies  named 
in  Process  IV.,  which  benzine  failed  to  extract  entirely,  enter  into 
solution,  as  well  as  traces  of  brucin,  narcotine,  physostigminc, 
veratrine,  delphinine.  The  evaporation  of  the  chloroform  is  con- 
ducted at  the  ordinary  temperature  in  four  or  five  watch-glasses. 

THE  CHLOROFORM  RESIDUE  FROM  THE  ACID  SOLUTION. 


1.  The  Residue  is  more  or 
less  markedly  crystal- 
LINE. 

A.  It  giv€8  in  ths  stdphuric 
acid  BoliUion  evidence  of  an  alka- 
loid by  it8  action  towards  iodine 
and  iodide  of  potash. 


«.  Sulphuric  acid  dissolves  it 
^thout  the  production  of  colour, 
and  chlorine  and  ammonia  give 
no  murexide  reaction. 

Cinchonine. 

fi.  Sulphuric  acid  dissolves  it 
^thout  colour,  chlorine  and 
ammonia  give  as  with  theine  a 
murexide  reaction. 

Theobromine. 


1.  The    Residue     is    Amor- 
phous. 

A.  In  acetic  acid  solution  it 
renders  the  action  of  Hie  frog^s 
heart  slower^  or  produces  local 
anmthesia. 

««.  It  does  not  produce  local 
anoesthesia. 

a.  Sulphuric  acid  dissolves  it 
red- brown,  bromine  produces  a 
beautiful  purple  colour,  water 
changes  it  into  green,  hydro- 
chloric acid  dissolves  it  greenish- 
brown.  Digitaiine, 

fi.  Sulphuric  acid  dissolves  it 
yellow,  then  brown-red;  on 
addition  of  water  this  solution 
becomes  violet.  Hydrochloric 
acid,  on  warming,  dissolves  it 
red.  Convallamarin. 

bb.  It  produces  local  an- 
cesthesia. 

«.  Sulphuric  acid  dissolves  it 
brown.  The  solution  becomes, 
by  extraction  with  water,  violet, 


y.  Snl]ihuric  ftcid  docB  not 
colour  in  tlie  cold  ;  un  w&rmiug, 
tlio  solution  becoIuc^j  o,  blue 
violet.  I'a^iavenn. 
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nnd  can  even  be  dilated  with 
two  volumes  of  wator  witliout 
losing  its  colour.  SaponM. 

&.  Sulphuric  acid  dissolves  it 
yellow.  On  diluting  with  water 
the  oiuue  reaction  occars  as  in 
the  previous  case,  but  more 
feebly,  and  leaves  behind,  on 
evapomtion,  the  yellow  chloro- 
tbnn  Holution.  SeJtegix. 

y.  Sulphuric  ftcid  dissoWes 
brown,  and  the  solution  be- 
comes red  by  the  addition  of  ■ 
little  watiT.  The  action  is  veiy 
weak.  Smiiaeiit. 

cc  Sulphuric  acid  dissolTn 
it  with  the  production  of  ■ 
dirty  red,  hydrochloric  acid. 
in  the  cold,  with  that  of  a  red- 
dish-brown  colour,  and  the  Imi 
solution  becomes  brown  oa 
boiling. 

Coitelitiieiiln  of  llie  hMhort-, 
particularly  Jervin. 
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colour;  mixed  with  nitre,  then 
moistened  with  sulphuric  acid, 
and  lastly  treated  with  con- 
centrated soda-lye,  it  is  coloured 
a  brick-red.  Ficrotaxin. 

0.  Sulphuric  acid  dissolves  it 
with  the  production  of  a  splen- 
did red  colour.  The  substance 
renders  the  heart-action  of  a 
frog  slower.  HdUborine, 

VL  THE  WATERY  FLUID  IS  NOW  AGAIN  SHAKEN  UP 

WITH  PETROLEUM  ETHER, 

In  order  to  take  up  the  rest  of  the  chloroform,  and  the  watery 
fluid  is  saturated  with  ammonia.  The  watery  solution  of  aconite 
and  emetm  is  liable  to  undergo,  through  free  ammoifia,  a  partial 
decomposition;  but  on  the  other  hand,  it  is  quite  possible  to 
obtain,  with  very  small  mixtures  of  these  substances,  satisfisu^ory 
reactions,  even  out  of  ammoniacal  solutions. 

VIL  THE  AMMONL^CAL  WATERY  FLUID  WITH 

PETROLEUM  ETHER. 

In  the  earlier  stages  Dragendorff  advises  the  shaking  up  with 
petroleum  ether  at  about  40^,  and  the  removal  of  the  ether  as 
quickly  as  possible  whilst  warm.  This  is  with  the  intention  of 
separating  by  this  fluid  strychnine,  brucin,  emetin,  quinine, 
veratrine,  &c.  Finding,  however,  that  a  full  extraction  by  petro- 
leum ether  is  either  difficult  or  not  practicable,  he  prefers,  as  we 
have  seen,  to  conclude  the  operation  by  other  agents,  coming 
back  again  upon  the  ether  for  certain  special  cases.  Such  are 
the  volatile  alkaloids;  and  here  he  recommends  treatment  of  the 
fluid  by  cold  petroleum  ether,  taking  care  not  to  hasten  the 
removal  of  the  latter.  Strychnine  and  other  fixed  alkaloids  are 
then  only  taken  up  in  small  quantities,  and  the  greater  portion 
lemaihs  for  the  later  treatment  of  the  watery  fluid  by  benzine. 

A  portion  of  the  petroleum  ether,  supposed  to  contain  in  solu- 
tion volatile  alkaloids,  is  evaporated  in  two  watch-glasses;  to  the 
one  strong  hydrochloric  acid  is  added,  the  other  being  evaporated 
without  iSoB  agent.  On  the  evaporation  of  the  petroleum  ether, 
it  is  seen  whether  the  first  portion  is  crystalline  or  amorphous, 
or  whether  the  second  leaves  behind  a  strongly  smelling  fluid 
mass,  which  denotes  a  volatile  alkaloid.  If  the  residue  in  both 
glasses  is  without  odour  and  fixed,  the  absence  of  volatile  acid 

T 
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and  the  presence  of  fixed  alkaloids  (strychnine,  emetin,  yeratrino, 
ic.)  are  indicated. 


1.  It  13  Fixed  asd 

C'ltYSTALLINE. 

A.     The     crystals 

volalilisB    toilk  dijji- 

aa.  Sulphuric  acid 
disBolTes  it  without 
coiour. 

».  Chromate  of 
potash  colours  this 
Bohition  a  transitory 
bine,  then  red. 

Slrychnine. 


m.  The  purest  sul- 
phuric acid  dissolves 
it  almost  without 
colour ;  sulphuric, 
containing  nitric 
acid,  red,  quickly 
becomiog  orange. 


iS.  Chromate  of  A  Sulphuiic  acid 
potash  does  not  dissolves  it  yellow, 
colour  it  blue.  With     becoming  deep  red. 


chlorine,  water,  and 
ammonia,  it  gives  a 
green  colour. 

Qui 


3.  It  is  Fixes  aks 
Odokocb. 
A.  On  adding  lo 
the  aaicK^iaua  litUt' 
hydrodtlonc  and, 
crygtaU  an  l^  b&- 

aa.  Its  solution  ii' 
not  precipitated  by; 
p latin  chloride. 

«.  The  ct78tal8  oli 
the  hydrochlorif, 
compound  act  on 
polarised  light,  and 
are  mostly  needle- 
shaped   and   colum- 

Conia  and  MeAyl- 

0.  The  crystals 
are  cubical  or  tetr«- 
hedral. 

A  IkiUoidfram  ecp- 
ticuai. 


'/.  Sulphuric  acid 
dissolves  it  brown- 
green;  Fruhde's  re- 
agent red,  changing 
into  green.     Emeiin. 


b.  Sulphuric  acid 
<UuuolTes  it  yellow, 


bij.  The  solution 
of  the  hydrochlorate 
of  the  alkaloid  ii 
}>recipitate(t  by  pb- 
tin  chloride. 

Sarracviit^ 

b.  The  residue  of 
the  hydrochlorate  of 
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nd  tlie  solution  be- 
omes  gradually  a 
eautdful  deep  red. 

Sabadilline. 

c    The      crystals 

reeasilyyolatiliBed. 

Conia. 


the  alkaloid  is  amor- 
phous, or,  by  further 
additions  of  HCl, 
becomes  crystalline. 


aa.  Its  diluted 
aqueous  solution  is 
precipitated  by  pla- 
tin  chloride. 

«.  The  hydrochlo- 
rate  salt,  being 
quickly  treated  with 
Frohde's  re-agent, 
gives  after  about  two 
minutes  adeep  violet 
solution,  which  gra- 
dually fades. 

Lobdiin. 

fi.  The  hydrochlo- 
i*ate  smells  like 
nicotin,and  becomes 
by  Frohde's  reagent 
yellow,  and  after 
twenty-four  hours 
pale  red.       Nieoiin. 

The  hydrochlorate 
is  without  odour, 
the  free  base  smells 
faintly  like  aniline. 

hb.  The  substance 
is  not  precipitated 
from  a  diluted  solu- 
tion by  platin  chlo- 
I'ide. 

a.  Its  petroleum 
ether  solution  pro- 
duces no  turbidity 
with  a  solution  of 
picric  acid  in  pe- 
troleum ether;  but 
it  leaves  behind, 
when    mixed    with 
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the    above,    cryatald   ' 
mostly      of     three- 
sicled  plntes. 

TrimetAi/lamit^ 

fi.  The  petroleum 
ether  Bolution  gives, 
on  evaporation^ 
■when  trented  simi- 
larly, moBs-like  crjTi- 
tals.  Tie  substance 
is  made  blue  by 
chloride  of  Umo,  i 
weEl  ua  hj  diluted 
,'-1.  sulpliuric  acid  and 

bichromate    of  pot- 
ash. Anilina. 

y.  The  alk&loid. 
does  not  smell  lUce 
methflnmin,  and  is 
not  coloured  by 
chloride  of  lime,  sul- 
phuric acid,  or  chro- 
mate  of  potash. 

VoUttUealkaioidof 
the  Pimtnlo. 


VIU.  THE  AMMONIACAL  SOLUTION  13  SHAKEN  UP  WITH 
BENZINE. 

In  most  cases  petroleum  ether,  benzine,  and  chloroform,  are 
more  easily  separated  from  acid  watery  fluids  than  from  ammo- 
niacal,  benzine  and  chloroform  causing  here  a  difficulty  which 
has  perhaps  deterred  many  from  using  this  method.  Drageodorff, 
however,  maintains  that  he  haa  never  examined  a  fluid  in  which 
he  could  not  obtain  a  complete  separation  of  the  benzine  and 
water.  If  the  upper  benzine  layer  is  fully  gelatinous  and  emul- 
sive, the  under  layer  of  water  is  %q  be  removed  with  a  pipette  as 
far  as  poBsible,  and  the  benzine  with  a  few  drops  of  absolute 
alcohol  and  filttHtion.  As  a  rule,  the  water  goes  through  first 
alone,  ajid  by  the  time  the  greater  part  has  nm  through,  the  jelly 
in  the  filter,  by  dint  of  stirring,  has  become  separated  from  the 
benzLUB ;  finally,  the  jelly  shrinks  up  to  a  minimum,  and 
the  clear  benzine  filters  off.  Dragendorff  filters  mostly  into  a 
burette,  into,  which  ultimately  the  benzine  and  the  water  are 
sqtarated. 
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The  principal  alkaloids  which  are  dissolved  in  benzine  are — 
strychnine,  methyl  and  ethyl  strychnine,  brucine,  emetin, 
quinine,  cinchonine,  atropine,  hyoscyamine,  physostogmin,  aooni- 
tine,  nepalin,  the  alkaloid  of  the  Aconitum  lycoctonam,  aconellin, 
napellin,  delphinine,  veratrine,  sabatrin,  sabadilline,  codeine, 
thebaine,  and  narcotine. 


THE  BENZINE  RESIDUE  DERIVED  FROM  THE  AMMONIACAL 

SOLUTION. 


1.    It    IS    FOR    THE 

Obtstallu^e. 

a.  Sulphuric  acid  dissolves  it 
without  colour,  the  solution  be- 
ing coloured  neither  on  stand- 
ing nor  on  the  addition  of 
nitric  acid. 

cut.  It  dilates  the  pupil  of  a 
cat. 

u.  Platin  chloride  does  not 
precipitate  the  aqueous  solu- 
tion. The  sulphuric  acid  solu- 
tion gives  on  warming  a  peculiar 
smell.  Atropine. 

fi,  Platin  chloride  applied  to 
the  solution  precipitates. 

Hyoscyamine. 


MOST  PABT    2.   It  is  for  the  most  part 

Amorphous. 
a.  Pure  sulphuric  acid  dis- 
solves it  either  whitish-red  or 
yeUowish. 


hh.  It  does  not  dilate  the 
pupil. 

«.  The  sulphuric  acid  solu- 
tion becomes  blue  by  chromate 
of  potash. 

MM,  The  substance  applied  to 
a  frog  produces  tetanus. 

Strychnine. 

fifi.  It  lowers  the  number  of 
respirations  in  a  frog. 

Ethyl  and  MeHiyl  Strychnine. 

fl.  Sulphuric  acid  and  bichro- 
mate of  potash  do  not  colour  it 
blue. 


«.  The  solution  becomes  by 
nitric  acid  immediately  red, 
then  quickly  orange.     Brucine. 


fi.  The  solution  becomes  by 
little  and  little  brownish-red. 
The  substance  is  coloured  red 
by  chloride  of  lime  solution, 
and  it  contracts  the  pupil. 

Phyeoitogmin. 


CHEMICTKY. 


BB  The  aolphurio  acid  watery 
solution  in  fluoresceut,  and  be- 
comes green  on  the  addition  Qi' 
ehlorine  wkter  and  ammonia. 

Quiitme  and  Cinchonina. 

(Tlie  lost  is  more  difficult  tu 
dissolve  in  petroleum  ether  tliau 
quiuuio). 

AS-  The  solntioa  is  not  tluor- 
escent.  Cinckonine. 

b.  Bulphimc  acid  disaolvos  it 
at  first  colourless ;  the  solatioa 
takes  ou  standing  a  rose  or 
yiolet-blue ;  on  addition  of  ni- 
tric acid,  a  blood-red  or  brown 
coloration. 

B.  A  solution  in  dilated  sul- 
phuric acid  becomes,  on  heating, 
gradually  deep  blood-red,  and, 
when  cooled,  violet,  with  nitric 
aind.  The  aqueous  solution  is 
precipitated  by  ammonia. 

Narcotirte. 


0.  The  solution  in  diluted 
sulphoric  acid  becomes,  on 
hefttang,  a  beautiful  blue.  Ex- 
cess of  ammonia  does  not  pre- 
cipitate in  a  diluted  watery 
solution.  Codeine. 

c  Sulphuric  acid  dissolves 
it  with  the  production  of  a 
yellow  colour. 


.  The  solution  remains  yel- 
on  standing.  Aeoli/ctin. 


b.  Pure  sulphuric  add  di»- 
Holves  it  yellow,  and  the  solifr-'' 
tion  becomes  later  beautiful  red 
(with  delphinine,  more  <jaick] j"  < 
a  darker  cherry -rod). 


mm.  The  substance  acts  on  a. 
frog,  causing,  in  large  doses, 
tetonus.  Veralriiu. 

It  is  almost  without  action 
on  frogs.  Sabatrin. 

S-  The  Jiydrochloric  acid  solu- 
tion does  not,  on  heating,  be- 
come red.  Delp/iinine. 


c.  Pure  sulphuric  acid  dis- 
solves it  yellow,  and  the  solu- 
tion becomes  later  red-brown, 
and  gradually  violet-red, 

«.  The  substance  even  in 
small  doses  paralyses  frogs,  and 
dilates  tlie  pupil  of  a  cat's  eye. 
Ether  dissolves  it  with  diffi- 
culty. Xepalin. 
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fl.  It  becomes  beautifully  red. 

SabadUline. 


d.  Sulphuric  acid  dissolves  it 
with  an  immediate  deep  red- 
brown  colour.  Thebaine, 


e.  Sulphuric  acid  dissolves  it 
immediately  blue. 

Substances  accompanying  the 
papaverins. 


/3.  It  is  easily  soluble  in  ether, 
its  effects  are  not  so  marked, 
and  it  does  not  dilate  the  pupil. 

Aconitine. 

Its  effects  are  still  feeble ;  it 
does  not  dilate  the  pupil,  and 
is  with  difficulty  dissolved  by 
ether.  NapMvn, 

d.  Sulphuric  acid  dissolves  it 
with  a  dark  green  colour,  and 
the  solution  becomes,  even  after 
a  few  seconds,  a  beautiful  blood- 
red. 

AlkaHoidal  substances  out  of 
the  Aconitumi  lycoctonwm, 

e.  Sulphuric  acid  dissolves  it 
brown-green,  and  Frohde's  re- 
agent red,  becoming  beautifully 
green.  Emetin, 


DC.  SHAKKG  OP  THE  AMMONLA.CAL  WATERY  SOLUTION 

WITH  CHLOROFORM. 

This  extracts  the  remainder  of  the  cinch  onine  and  papaverin, 
narceine,  and  a.  small  portion  of  morphia,  as  well  as  an  alkaloid 
from  the  celandine. 


The  Kisidue  from  the  Chloroform. 


aa.  The  solution,  on  warming,  is  only  slightly  coloured. 
«  But  after  it  is  again  cooled,  it  strikes  with  nitric  acid  a 
violet-blue ;  chloride  of  iron  mixed  with  the  substance  gives  a 
blue  colour ;  Frohde's  reagent  also  dissolves  it  violet. 

Morphia. 
0,  It  is  not  coloured  by  nitric  acid ;  it  is  also  indifferent  to 
chloride  of  iron.  Cinchonine, 

66.  The  solution  becomes  by  warming  violet-blue. 

Papaverin. 
b.  Sulphuric  acid  dissolves  it  greenish-brown,  and  the  solution 
becomes,  on  standing,  blood-red.  Narcdne. 

e.  Sulphuric  acid  dissolves  it  a  violet-blue. 

Alkaloidal  constituent  of  the  Celandine. 
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X.  SHAKING  UP  OF  THE  WATERY  FLUID  WITH 
AUYL  ALCOHOL. 

From  this  process,  beeides  moqihia  and  solaninc,  as  well  u 
salicin,  the  remnants  of  llie  convallnmariu,  saponin,  senegin, 
and  narccine,  are  also  to  be  expected. 


TuE  Amyl  Alcohol  Eesidue. 

a.  Sulphuric  acid  dissolves  it  without  colour  in  the  culd. 

Morphia  (see  above). 
h.  Sulphuric  acid  dissolves  it  with  the  production  of  a  dear 
;e11ow-red,  and  the  aolntion  becomes  brownish.     Iodine  wateE 
colours  it  u  deep-bi-own.     The  alcoholic  solution  gelatinises. 

•Solanint. 

c.  Sulphuric  acid  dissolves  it  grcon-lirown,  becoming  red. 

JVarcetna  (see  above). 

d.  Sulphuric  acid  dissolves  it  yellow,  then  brown-red,  becoming 
violet  on  dilution  with  water.  Hydrochloric  acid  dissolves  it, 
and  it  becomes  red  on  wanning.  It  stops  the  heart-action  in  the 
systole.  ConvdUamarin. 

(3.  Hydrochloric  acid  dissolves  it  for  the  most  part  without 
colour.  Saponin. 

'/.  As  the  foregoing,  but  acting  more  feebly. 

Senegin. 

e.  Sulpliuric  acid  dissolves  it  immcdiateiy  a  pure  red.  On 
warming  with  sulphuric  acid  and  bichromate  of  potash,  a  smell  of 
salicylic  acid  is  developed.  Salicin. 


XI.  DRYING  THE  WATERY  FLUID  WITH  THE  ADDITIOS  OF 
POWDERED  GLASS,  AND  EXTRACTION  OF  THE  FINELY. 
DIVIDED  RESIDUE  BY  CHLOROFORM. 

The  residue  of  the  firat  chloroform  extract  lessens  the  number 
of  respirations  of  a  frog;  the  residue  of  the  second  and  third 
chloroform  extract  becomes,  by  sulphuric  acid  and  bichromate  of 
potash,  blue,  passing  into  a  pL-rmanent  red. 

Another  portion  of  this  residue  becomes  red  on  warming  with 
diluted  sulphuric  acid.  Curarine. 


§  27.]  alkaloids.  281 

(3.)  Shobteb  Process  for  Separating  soke  of 

THE  Alkaloids. 

A  shorter  process,  recommended  conditionally  by  Dragendorff, 
for  brudne,  strychnine,  quinine,  cinchonine,  and  emetin,  is  as 
follows : — 

The  substance,  if  necessary,  is  finely  divided,  and  treated  with 
sulphuric  acid  (dilute)  until  it  has  a  marked  acid  reaction.  To 
every  100  cc.  of  the  pulp  (which  has  been  diluted  with  distilled 
water  to  admit  of  its  being  filtered  later),  at  least  5  to  10  cc.  of 
diluted  sulphuric  acid  (1  : 5)  are  added.  It  is  digested  at  50^C. 
for  ^a  few  hours,  filtered,  and  the  residue  treated  again  with 
100  cc.  of  water  at  50°C.  This  extract  is,  after  a  few  hours, 
again  filtered ;  both  the  filtrates  are  mixed  and  evaporated  in 
the  water-bath  to  almost  the  consistence  of  a  thin  syrup.  The 
fluid,  however,  must  not  be  concentrated  too  much,  or  fully 
evaporated  to  dryness.  The  residue  is  now  placed  in  a  flask,  and 
treated  with  three  to  four  times  its  volume  of  alcohol  of  90  to  95 
per  cent. ;  the  mixture  is  macerated  for  twenty-four  hours,  and 
then  filtered.  The  filtrate  is  distilled  alcohol-firee,  or  nearly  so, 
but  a  small  amount  of  alcohol  remaining  is  not  objectionable. 
The  watery  fluid  is  diluted  to  about  50  cc,  and  treated  with 
pure  benzine ;  the  mixture  is  shaken,  and  after  a  little  time  the 
benzine  removed — an  operation  which  is  repeated.  After  the 
removal  the  second  time  of  the  benzine,  the  watery  fluid  is  made 
alkaline  with  ammonia,  warmed  to  40°  or  50°C.,  and  the  free 
alkaloid  extracted  by  twice  shaking  it  up  with  two  diflerent 
applications  of  benzine.  On  evapoi*ation  of  the  latter,  if  the 
idkaloid  is  not  left  pure,  it  can  be  dissolved  in  acid,  precipitated 
by  ammonia,  and  again  extracted  by  benzine. 

(4.)  Scheibler*8  Process, 

A  method  very  diflerent  from  those  just  described  is  one  prac- 
tised by  Scheibler.  This  is  to  precipitate  the  phospho-tungstate 
of  the  alkaloid,  and  then  to  liberate  the  latter  by  digesting  the 
3>recipitate  with  either  hydrate  of  barium  or  hydrate  of  calcium, 
dissolving  it  out  by  chloroform,  or,  if  volatile,  by  simple  distilla- 
tion. The  convenience  of  Scheibler's  process  is  great,  and  it 
admits  of  very  general  application.  In  complex  mixtures,  it  will 
usually  be  found  best  to  precede  the  addition  of  phospho-tungstic 
acid*  by  that  of  acetate  of  lead,  in  order  to  remove  colouring 

*  The  method  of  preparing  this  reagent  is  as  follows :— Ordinary  commer: 
cial  •odium  tongstate  is  tr^ted  with  half  its  "weight  of  phosphoric  acid, 
specific  graTity  1*13,  and  then  allowed  to  stand  for  some  days.  Phospho- 
tongitio  add  separates  in  crystals. 
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matter,  liic. ;  the  excess  of  lead  moat  in  its  turn  be  thrown  out 
by  SH,,  aad  the  exoesa  of  SHj  be  got  rid  of  by  evaporation. 
Phospho-tungstic  acid  is  a  veiy  delicate  teat  for  the  alkaloids, 
giving  a  distinct  precipitate  vith  the  moat  minute  qo&ntitieB 
(scTTCinj  "*"  strychnine  and  „o^oii  of  quinine).  A  very  aimikr 
method  is  practised  by  Sonnenschein  and  othera  with  the  aid 
of  phosphomolybdic  acid.  Tlie  details  of  Scheibler'fi  process  am 
as  follows  ;~ 

The  organic  mixture  is  repeatedly  extracted  by  water  strongly 
acidilied  with  sulphuric  acid;  the  extract  ia  evaporated  at 
30°  to  the  conaiatcnce  of  a  thin  sjTup,  then  diluted  willi 
water,  and,  after  several  hoars'  standing,  filtered  in  a  cool 
place.  To  the  filtered  fluid  pbosphomolybdic  acid  ia  added 
in  excess,  the  precipitate  filtered,  washed  with  water  to  which 
some  phosohomolybdic  acid  and  HNOg  have  been  added,  and 
whilst  still  moist  rinsed  into  a  finsk.  Canstic  baryta  or  car- 
bonate of  potash  ia  added  to  alkntine  reaction,  and  after  the 
llask  liibs  been  cunnectod  with  bulbs  containing  HCI,  it  is 
heated  at  first  slowly,  then  mora  strongly.  Ammonia  and  any 
vohitilc  alkaloids  nre  driven  ovct  into  the  arid,  and  are  there 
fixed,  and  can  be  examined  later  by  suitable  methods.  The 
residue  in  the  flask  is  carefully  evaporated  to  dryness  (the  excms 
of  baryta  having  been  precipitated  by  CO^),  and  then  extracted 
by  strong  alcohol.  On  evaporation  of  the  alcohol,  the  alkaloid 
ia  generally  sufficiently  pure  to  be  examined,  or,  if  not  so,  it  may 
be  obtained  pure  by  re-so!ution,  4c. 

5  28.  Identification  of  the  Alkaloids. — Having  obtained,  in  one 
way  or  other,  a  crystalline  or  amorphouH  substance,  supposed  to 
be  an  alkaloid,  or,  at  all  events,  an  active  vegetable  principle, 
the  next  step  ia  to  identify  it.  If  the  testa  given  in  Dragendorff's 
process  have  been  applied,  the  obser\-er  will  have  already  gone  a 
good  way  towards  the  identiflcation  of  tlie  substance  ;  but  it  ia, 
of  course,  dangerous  to  trust  to  one  reaction. 

In  medico-legal  researches  there  is  seldom  any  considerable 
quantity  of  the  material  to  work  upon.  Hence  the  greatest  caie 
must  be  taken  from  the  commencement  not  to  waste  the  Bob- 
stance  in  useless  tests,  hut  to  study  well  at  the  outset  what — by 
the  method  of  extraction  used,  the  microscopic  appearance,  the 
reaction  to  litmus  paper,  and  the  solubility  in  different  meostru* 
—it  is  likely  to  be.  However  minute  the  quantity  may  be,  it  ia 
essential  to  divide  it  into  difierent  parts,  in  order  to  apply  * 
variety  of  tests;  but  as  any  attempt  to  do  this  on  the  solid 
substance  will  probably  entait  loss,  the  best  way  is  to  dissolve  it 
in  a  watch-glass  in  half  a  cc.  of  alcohol,  ether,  or  other  auit*ble 
solvent.     Droplets  of  this  solution  are  then  placed   on  watch 
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m  or  dips  of  midroscopic  glass,  and  to  these  drops,  by  the 
li  m  glass  rod,  different  reagents  can  be  applied,  and  the 
ges  watched  under  the  microscope  as  the  drops  slowly 
orste.* 

)  Adion  of  SuLj^wric  Add, — A  test  very  generally  appli- 
)  to  the  alkaloids  is  the  colour,  or  absence  of  colour,  they 
noe  when  treated  by  strong  acids,  such  as  sulphuric  or  nitric. 
op  of  the  solution  is  allowed  to  evaporate  to  dryness  on  a 
t  of  porcelain,  toid  then  a  droplet  of  strong  pure  acid  is  mixed 
ity  the  action  being  first  observed  in  the  cold,  and  the  plate 
wiurds  heated.     The  following  useful  short  table  is  given  by 


Snlphnrlc  Add. 

Nitric  Add. 

Cold. 

Warm. 

Hot 

IkMidi...  . 

0 

0 

0 

0 

'dmine, 
ane,   . 

ifme,. 

0 
0 
0 
0 

0 
0 
0 
0 

YeUow » :: 
YeUow" 
Brown 
Brown* 

Pink» 
Red* 
Orange' 
0 

oloadD, 

0 
0 

Brown 
Yellow 

Black 
Brown 

0 
0 

itriiM^ 
imie,  . 

Oranee' 

Red-brown' 

YeUow» 

• 
Scarlet 
Red-brown' 
Brown* 

Claret 

Red-brown* 

Brown* 

0 
0 
0 

)  SubUmation  of  the  Alkaloids. — A  very  beautiful  and  elegant 
io  the  identification  of  alkaloids,  and  vegetable  principles 
rallyy  is  their  behaviour  towards  heat. 
kialoids,  glucosides,  the  organic  acids,  &c.,  when  carefully 
id,  either — (1)  sublime  wholly  without  decomposition  (like 
;e^  cytisin,  and  others) ;  or,  (2)  partially  sublime  with  decom- 

hib  modem  chemist  who  aims  at  beins  a  forensic  expert  will  be  of 
sHr  compelled  to  make  himself  intimately  acquainted  with  all  the  chief 
ibie  alkiuoids.  Since  the  discovery  by  Sertumer  of  morphia  (the  first 
id  evor  isolated)  in  the  beginning  of  this  century,  alkaloidal  criminal 
dng  has  kept  pace,  one  may  almost  say,  with  the  discovery  of  the 
ids  themselves ;  and  the  scientitic  criminals  who  arise  from  time  to 
rill  certainly  choose  some  poison  not  met  with  in  ordinary  commerce. 
*  Foransic  Medicine,"  p.  679. 
lie  smaU  figures  denote  degrees  of  intensity. 
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position;  or,  (3)  are  clianged  iato  new  bodies  (as,  for  example, 
gallic  acid);  or,  (1)  melt  and  tben  char;  or,  (5)  eimply  char  and 
burn  iiway. 

Many  of  these  phenomena  3ire  Btriking  and  characteristic, 
taking  place  at  detinite  temperatures,  subliming  in  chantcteriBtic 
forms,  or  leaving  characteriatic  residues. 

One  of  the  fii'St  to  employ  sublimation  systematically,  as  a 
means  of  recognition  of  the  alkaloids,  4e.,  was  Helwig.*  HU 
method  was  to  place  a  small  quantity  (from  ^  to  j-tniQ  of  a 
milligi-am)  in  a  depression  on  platinum  foil,  coTer  it  with  a  slip 
of  glftBB,  and  then  carefully  heat  by  a  small  flame.  After  Helwig, 
Dr.  Guy+  greatly  improved  the  process  by  \ising  porcelain  discs, 
and  more  especially  by  the  adoption  of  a  convenient  (ipparBtus, 
which  may  be  termed  "  the  Bobliming  cell."  It  is  essentially 
composed  of  a  ring  of  glass  from  ^  to  ^  of  an  inch  in  thicknera, 
such  as  may  be  obtained  by  sections  of  tubing,  the  cut  suT&oes 
being  ground  perfectly  smcjoth.  This  circle  is  converted  into  » 
closed  celt  by  resting  it  on  one  of  the  ordinary  th  in  discs  of  glass 
used  as  a  covering  for  microscopic  purposes,  and  supporting  a 
siraibi-  disc.  The  coll  was  placed  tm  n  hra-ss  pkte,  j.rovided  M-it!i 
a  nipple,  which  carried  a  thermometer,  and  was  heated  by  a 
small  flame  applied  mid.way  between  the  thermometer  and  the 
cell ;  the  heat  was  raised  very  gradually,  and  the  temperature  at 
which  any  change  took  place  was  noted.  In  this  way  Dr.  Guy 
made  determinations  of  the  subliming  points  of  a  large  number 
of  substauceB,  and  the  microscopic  appearances  of  the  sublimates 
were  described  with  the  greatest  fidelity  and  accuracy.  The 
writer,  however,  on  repeating  with  care  Dr.  Guy's  determina- 
tions, could  in  no  single  instance  agree  with  his  subliming 
points,  nor  with  the  apparatus  he  figures  and  describes  could  two 
consecutive  observations  exactly  coincide,  further,  on  examin- 
ing the  various  subliming  temperatures  of  substances,  as  stated 
by  different  authors,  the  widest  discrepancies  were  found — dif- 
ferences of  two  or  even  three  degrees  might  be  referred  to  errort 
of  observation,  a  want  of  exact  coincidence  in  the  thermometers 
employed,  and  the  like  ;  but  to  what,  for  example,  can  we  ascribe 
the  irreconcilable  statements  which  have  been  made  with 
regard  to  theine )  According  to  Strauch,  this  substance  sub- 
limes at  177°C.  ;  according  to  Mulder,  at  1847".  But  that  both 
of  these  observations  deviate  more  than  70  degrees  from  th» 
truth  may  be  proved  by  any  one  who  cares  to  place  a  few  milli- 

•  "Dae  Mikroicopin  derToiicologia." 

+  Pharm.  Joum.  Trans.  [21,  viij.  719 ;  ii.  10,  58.  "  Forensic  Medicine.' 
ImoAod,  1875. 
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grains  of  theine,  enclosed  between  two  watch-glasses,  over  the 
water-bath  ;  in  a  few  minutes  a  distinct  sublimate  will  condense 
on  the  upper  glass,  and,  in  point  of  fact,  theincwill  be  found  to 
sublime  several  degrees  below  100^ 

Since  this  great  divergency  of  opinion  is  not  found  either  in 
ihe  specific  gravity,  or  the  boiling  points,  or  any  of  the  like  deter- 
minations of  the  physical  properties  of  a  substance,  it  is  self- 
evident  that  the  processes  hitherto  used  for  the  determination  of 
subliming  points  are  &ulty.    The  sources  of  error  are  chiefly — 

(1.)  Defects  in  the  apparatus  employed, — the  temperature 
read  being  rather  that  of  the  metallic  surface  in  the  immediate 
vicinity  of  the  thermometer,  than  of  the  substance  itself. 

(2.)  The  want  of  agreement  among  observers  as  to  what  should 
be  called  a  sublimate ;  one  considering  a  sublimate  only  that 
which  is  evident  to  the  naked  eye,  another  taking  cognisance  of 
the  earliest  microscopic  film. 

(3.)  No  two  persons  employing  the  same  process. 

With  r^;ard  to  the  apparatus  employed,  the  present  writer 
adopts  Dr.  Guy's  subliming  cell ;  but  the  cell,  instead  of  resting 
(HD  a  metallic  solid,  floats  on  a  metallic  fluid  ;  for  any  tempera- 
ture a  little  above  lOO^C.  this  fluid  is  mercury,  but  for  higher 
temperatures  fusible  metal  is  preferabla 

The  exact  procedure  is  as  follows : — A 
porcelain  crucible  (see  Fig.  16,  a),  about 
3  inches  in  diameter,  is  nearly  filled  with 
mercury  or  fusible  metal,  as  the  case 
maj  be ;  a  minute  speck  (or  two  or  three 
erymMs  of  the  substance  to  be  examined) 
is  placed  on  a  thin  disc  of  microscopic 
covering  glass,  floated  on  the  liquid,  and 
the  cell  is  completed  by  the  glass  ring 
and  upper  disc.  The  porcelain  crucible 
is  supported  on  a  brass  plate  (6),  fixed 
to  a  retort  stand  in  the  usual  way,  and 
protected  firomthe  unequal  cooling  efiects 
of  currents  of  air  by  being  covered  with 
a  flask  (e),  from  which  the  bottom  has 
been  removed.  The  neck  of  the  flask 
eonveniently  supports  a  thermometer, 
which  passes  through  a  cork,  and  the 
Vnlb  of  the  thermometer  is  immersed  in 
the  bath  of  liquid  metaL  In  the  first 
examination  of  a  substance  the  tempera- 
ture is  raised  somewhat  rapidly,  tdbdng 
off  the  upper  disc  with  a  forceps  at  every  10  degrees,  and 
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oxctiargin^  it  for  a  fresh  dieo,  until  the  substance  is  de«troyed. 
Tlje  second  examination  is  conducted  miioh  more  slowly,  and  the 
discs  exchanged  at  every  four  or  five  degrees,  whilst  the  finttl 
(kterminatioQ  is  effected  liy  raising  the  temperature  with  great 
caution,  and  exchanging  the  di&cs  at  about  the  points  of  change 
(already  partially  detei-mined)  at  every  half  degree.  All  the 
discs  are  exftinined  microseopicaily.  The  moat  convenient  defini- 
tion of  a  sublimate  ib  this — the  most  minute  films,  dots,  or  crys- 
tiils,  -whicli  can  be  ob8er%ed  by  a.  ^inch  power,  and  which  are  ob- 
tained by  keeping  the  subliming  cell  at  a  definite  temperature  for 
sixty  seconds.  The  commencement  of  many  sublimates  assumes 
the  shape  of  dots  of  extniordinary  minuteness,  quite  iuTisible  to 
tbe  unaided  eye ;  and,  on  the  othpr  hand,  since  the  practical 
value  of  sublimation  is  mainly  as  an  aid  to  other  methods  for 
the  recognition  of  substances,  if  we  go  beyond  s/tort  intervab  of 
time,  the  operation,  otherwise  simple  and  speedy,  becomes  cum- 
bersome, and  loses  its  general  applicability. 

There  is  also  considerable  discrepancy  of  statement  with  regard 
to  the  melting  point  of  alkaloidal  bodies ;  in  many  instaneos  a 
\-iBCOU8  state  inlervenes  before  tlu'  iihiii  coiiupk'ti-  vesulutioii  into 
fluid,  and  one  observer  will  consider  tlic  viscous  state,  the  other 
complete  fluidity,  as  the  melting  point. 

In  the  melting  points  given  below  the  same  apparatus  tbi 
used,  but  the  substance  was  simply  placed  on  a  thin  disc  of  glas 
floating  on  the  metallic  bath  before  described  (the  cell  not  being 
completed),  and  examined  from  time  to  time  microscopically,  I<x 
by  this  means  alone  can  the  first  drops  formed  by  the  moat 
minute  and  closely  adherent  crystals  to  the  glass  be  discovered. 

Morpliine,  at  150°C,,  clouds  the  upper  disc  with  nebulK  ;  the 
nebulra  are  resolved  by  high  magnifying  powers  into  minute 
dots ;  these  dots  gradually  become  coarser,  and  are  generally 
converted  into  crystals  at  188°C.  ;  the  alkaloid  browns  si  or 
about  200°C. 

Tltebaine  sublimes  in  theine-like  crystals  at  135°C. ;  at 
higher  temperatures  (160°  to  200'C.),  needles,  cubes,  and  prismi 
were  observed.  The  residue  on  the  lower  disc,  if  exftmiited 
before  carbonisation,   is  fawn-coloured  with  non-chaxactenitie 

Narootine  g^ves  no  sublimate  ;  it  melts  nt  15-0'^C.  into  a  yellow 
liquid,  which  on  raising  the  temperature  ever  becomes  browntr 
to  final  blackness.  On  examining  the  residue  before  carboniM- 
tion,  it  is  a  rich  brown  amorphous  substance  ;  but  if  narootine  be 
heated  two  or  three  degrees  above  its  melting  point,  and  tkw 
cooled  slowly,  the  residue  is  crystalline;  long,  fine  needles  radial; 
ing  from  centres  being  common. 
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Naroeine  gives  no  aublimate ;  ifc  melts  at  134.^0.  into  a  colourless 
liquid,  which  undergoes  at  higher  temperatures  the  usual  tran- 
sition of  brown  colours ;  the  substance  heated  a  few  degrees 
above  its  melting  jK)int,  and  then  allowed  to  cool  slowly,  shows 
a  straw-coloured  residue,  divided  into  lobes  or  drops  containing 
feathery  crystals. 

PapoMrin  gives  no  sublimate,  it  melts  at  130°C.  The 
residue  heated  a  little  above  its  melting  point,  and  then  slowly 
cooled,  is  amorphous,  of  a  light-brown  colour,  and  in  no  way 
characteristic. 

Hyoscyamine  gives  no  crystalline  sublimate ;  it  melts  at  89*^0., 
and  appears  to  volatilise  in  great  part  without  decomposition.  It 
melts  into  an  almost  colourless  fluid,  which  when  solid  may 
exhibit  a  network  not  unlike  vegetable  parenchyma ;  on  moisten- 
ing the  network  with  water,  interlacing  crystals  immediately 
appear.  If,  however,  hyoscyamine  be  kept  at  94®  to  95°  for  a 
few  minutes,  and  then  slowly  cooled,  the  edges  of  the  spots  are 
arborescent,  and  the  spots  themselves  crystalline. 

Atropine  (daturine)  melts  at  97°0.;  at  1 23°C.  a  faint  mist  appears 
on  the  upper  disc.  Crystals  cannot  be  obtained ;  the  residue  is 
not  characteristic. 

Sotamne. — The  upper  disc  is  dimmed  with  nebulae  at  190^0., 
which  are  coarser  and  more  distinct  at  higher  temperatures  ;  at 
200^0.  it  begins  to  brown,  and  then  melts ;  the  residue  consists 
of  amber-brown,  non-characteristic  drops. 

Strychnine  gives  a  minute  sublimate  of  fine  needles,  often  dis- 
posed in  lines  at  169°C. ;  about  221^0.  it  melts,  the  residue  (at 
that  temperature)  is  resinous. 

Brudne  melts  at  151°C.  into  a  pale  yellow  liquid,  at  higher  tem- 
peratures becoming  deei)-brown.  If  the  lower  disc  after  melting 
be  examined,  no  crystals  are  observed,  the  residue  being  quite 
transparent,  with  branching  lines  like  the  twigs  of  a  leafless  tree ; 
light  mists,  produced  rather  by  decomposition  than  by  true  sub- 
limation, condense  on  the  upper  disc  at  185°C.,  and  above. 

Saponin  neither  melts  nor  sublimes  ;  it  begins  to  brown  about 
145*0.,  is  almost  black  at  185°C.,  and  quite  so  at  190°C. 

Ddphinine  begins  to  brown  about  102°C. ;  it  becomes  amber 
at  119*0.,  and  melts,  and  bubbles  appear.  There  is  no  crystalline 
sublimate ;  residue  not  characteristic. 

Pilocarpine  gives  a  distinct  crystalline  sublimate  at  153°C. ; 
but  thin  mists,  consisting  of  fine  dots,  maybe  observed  as  low  as 
UO*C.  Pilocarpine  melts  at  159*0. ;  the  sublimates  at  160°  to 
170*0.,  are  in  light  yellow  drops  ;  if  these  drops  are  treated  with 
water,  and  the  water  evaporated,  feathery  crystals  are  obtained ; 
the  residue  is  resinous. 


SaS  A   lUNL-AL  OF   PRACTICAL   CHEMISTBT.  [§  28^ 

T/ieine  wholly  sublimes ;  the  first  sublim&le  is  minute  dots,  afc 
79°C. ;  at  half  a  degreo  above  that  very  Bmall  crystals  may  bfr 
obtained  ;  and  at  such  a  temperatura  as  ISO'C.,  the  crystaJs  aiA' 
often  long  and  silky. 

Theobromine  liiewiae  wholly  BublimeB;  nebulte  at  134°C.,^ 
cirystala  at  170°C.,  and  above, 

Ddp/dnine  gives  no  crystalline  sublimate.  It  begins  to  brown 
at  119'C.,  and  melts,  the  melted  mass  containing  bubbles.  Tli#. 
residae  is  not  characteristic. 

SaCicin  melta  at  170°C. ;  it  gives  no  crystalline  subliinate,* 
The  melted  mass  remains  up  to  180''C,  almost  perfectly  colourless^ 
above  that  tempei'ature  browning  is  evident.  Tlie  residue  is  not' 
characteristic. 

Picrotoxin  gives  no  crystalline  sublimate.  Tho  lowest  tem- 
perature at  which  it  sublimes  is  I28''C. ;  the  usual  nebule  than, 
make  theii- appearance ;  between  165°  and  170°  there  is  sligbfc 
browning;  at  170°  it  melts.  The  residue,  slowly  cooled,  is  nbt 
characteristic. 

CanUmridin  Bitblimfs  bctwtion  82"  anil  83T.,  veiy  scantily 
at  85°C.     The  sublimate  is  copious. 

QuinetuTn  begins  to  sublime  in  distinct  crystals,  composed  of 
short  prisms,  needles,  and  plates,  at  H7''C. ;  at  139°C,  the  sub- 
stance is  found  melted  in  drop-like  forms,  not  crystalliaR  The 
residue,  from  a  sublimate  of  such  temperature  as  150°  to  160°C,, 
is  intermixed  with  well-formed  crystals. 

Qmnidine  begins  to  brown  very  slightly  about  lOCC.  If  kept 
above  that  temperature  up  to  180°C.,  a  rich  brown  residue  is  1^ 
on  the  lower  disc,  which  has  a  peculiar  reticulated  appearance. 

Tho  active  principles  of  plants  may,  in  regard  to  their  behaviour 
to  heat,  be  classed  for  prnctical  purposes  into^ 

1.  Those  which  give  a  decided  crystalline  sublimate  : 

(a.)  Below  100°,  e.g.,  theine,  thebaine,  cantharidin. 

(6.)  Between  100°  and  ISO",  e.g.,  quinetum. 

(c.)  Between  150°  and  200°,  t.g.,  strychnine,    morplune, 

pilocarpine. 

2.  Those  which  melt,  but  give  no  crystalline  sublimate  : 

ffl.)  Below  100°,  e.g.,  hyoscyamlne,  atropine. 
\b.)  Between  100°  and  150  ,  e.g.,  papaverin. 
{c.)  Between  150"  and  200%  e.g.,  sallcin. 
\d.)  Above  200°,  e.g.,  aolanine. 

3.  Those  which  neither  melt  nor  give  a  crystalline  sublimate, 
t.g.,  lapoBin. 
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§  29.  QuantiUUive  Estimation  of  the  AUctdoids, — For  medico-legal 
pnrposes  the  alkaloid  obtained  is  usually  weighed  directly,  but 
for  technical  purposes  other  processes  are  used.  One  of  the 
most  conyenient  of  these  is  titration  with  normal  or  decinormal 
sulphuric  acid,  a  method  applicable  to  a  few  alkaloids  of  marked 
basic  powers — e.g,y  quinine  is  readily  and  with  accuracy  estimated 
in  this  way,  the  alkaloid  being  dissolved  in  a  known  volume  of 
the  add,  and  then  titrated  back  with  soda.  If  a  large  number  of 
observations  are  to  be  made,  an  acid  may  be  prepared  so  that 
each  cc.  equals  1  mgrm.  of  quinine.  A  reagent  of  general  appli- 
cation is  found  in  the  so-called  Mayer^tt  reagent^  which  consists 
of  13,546  grms.  of  mercuric  chloride,  and  49*8  grms  of  iodide  of 
potash  in  the  litre  of  water.  Each  cc.  of  such  solution  pre- 
cipitates— 


Of  Strychnine, 
Bmcino, . 
Quinine, . 
Cinchonine, 
Qoinidine, 
Atropine, 
Aconitine, 
Veratrine, 
Morphine, 
Narcotine, 
Nicotine, 
Coneine, 


91 
99 
99 
99 
99 
99 
99 
91 
99 
99 


-0167  grm. 

•0233 

•0108 

•0102 

•0120 

•0145 

•0268 

•0269 

•0200 

•0213 

-00405 

•00416 


The  final  reaction  is  found  by  filtering,  from  time  to  time,  a  drop 
on  to  a  glass  plate,  resting  on  a  blackened  surface,  and  adding 
the  test  until  no  precipitate  appears.  The  results  are  only  accu- 
rate when  the  strength  of  the  solution  of  the  alkaloid  is  about 
1 :  200;  so  that  it  is  absolutely  necessary  first  to  ascertain  approxi- 
matively  the  amount  present,  and  then  to  dilute  or  concentrate, 
as  the  case  may  be,  until  the  proportion  mentioned  is  obtained 

A  convenient  method  of  obtaining  the  sulphate  of  an  alkaloid 
for  quantitative  purposes,  and  especially  from  organic  fluids,  is 
that  recommended  by  Wagner.  The  fluid  is  acidulated  with 
sulphuric  acid,  and  the  alkaloid  precipitated  by  a  solution  of 
iodine  in  iodide  of  potash.  The  precipitate  is  collected  and  dis- 
solved in  an  aqueous  solution  of  hyposulphite  of  soda.  The 
filtered  solution  is  again  precipitated  with  the  iodine  reagent, 
and  the  precipitate  dissolved  in  sulphurous  acid,  which,  on 
evaporation,  leaves  behind  the  pure  sulphate  of  the  base. 
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g  30.  Opinm  iB  a  gummj  mass,  consisting  of  the  joice  of  tlto 
incised  imripe  fruit  of  the  Pajxtvir  atmwiferum,  liardenctl  in  the 
air,  and  containing  a  large  quantity  of  definite,  iiiglilj-complex 
(.Tyetalliue  principles.  The  following  analyses  by  SchindkT, 
although  somewhat  imperfect,  give  an  ideA  as  to  the  relative 
proportion  of  the  chief  constituents  : — 


1 

lira    ^ 


Smjmi. 

Ooiulu 

Morphi.,    .                 .         . 

10-30 

i-Ui 

Codeia.       . 

■58 

NiarcoSiie,. 

I-,M 

3^47 

■71 

■42 

Memnin,    . 

■08 

■.■;i) 

MecoDic  acid. 

4'70 

4'3S 

Peculiar  reiin. 

lO-M 

s-ia 

VegctalilB     macmi  -  onont- 
chonc,  »cid,  fct,»nd  vege- 

table fibre,        .          . 

2112-. 

17-13 

ISroicD  acid,  soluble  in  water 

and  olcoliol,     . 

!■« 

■40 

Brown  acid,  soluble  only  in 

water,  al^o  gum,      . 

40'].t 

56^46 

Lime,          .        .        .        . 

Oi» 

0-02 

Magnesia,  .... 

007 

0  40 

.Uumina,  ferric  oiidc,  ailica. 

0-24 

■22 

Salts  and  vegeta 

leo 

,       - 

0'3C 

0-36 

Abont. 
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Serertkl  of  the  best  processes  for  extracting  morphine  and  the 
chief  crystalUne  substances,  with  a  view  to  their  valnation,  arc 
as  follows : — 

(1.)  SehacJifg  MetJiod.  —  Five  to  ten  grma.  of  dry,  finely- 
powdered  opium  are  digested  with  sufficient  distilled  water  to 
make  a  thin  pulp.  After  twenty-four  hours  the  whole  is  throan 
on  a  weighed  filter,  and  washed  until  the  washings  are  almost 
colourless  and  tasteless.  The  portion  insoluble  in  water  is  dried 
:vt  100''C.,  and  weighed;  in  good  opium  this  shouJd  not  exceed 
■10  per  cent.  The  filtrate  is  evaporated  until  it  is  about  one-fifth 
of  the  weight  of  the  opium  taken  originally  ;  cooled,  filtered, 
and  treated  with  pure  animal  charcoal  until  the  dark-brown 
colour  is  changed  into  a  brownish-yellow.  The  liquid  is  then 
re-filtered,  precipitated  with  a  slight  excess  of  ammonia,  allowed 
to  stand  in  an  open  vessel  until  all  odour  of  ammonia  dis- 
sppears,  mid  at  the  same  time  fre([uenfly  stirred,  in  order  that 
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the  precipitate  may  not  become  crystalline  —  a  form  which  is 
always  more  difficult  to  purify.  The  precipitate  is  now  collected 
on  a  tared  filter,  washed,  dried,  and  weighed.  With  an  opium 
oontaining  10  per  cent,  of  morphine  its  weight  is  usually  14  per 
cent.  A  portion  of  the  precipitate  is  then  detached  from  the 
filter,  weighed,  and  exhausted,  first  with  ether,  and  afterwards 
with  boiling  alcohol  (0*81  specific  gravity).  Being  thus  purified 
from  narcotine,  and  containing  a  little  colouring  matter  only,  it 
may  now  be  dried  and  weighed,  and  the  amount  of  morphine 
calculated  on  the  whole  from  the  data  obtained. 

(2.)  Kitfe^s  ingenious  method,*  which  is  based  on  the  fact 
that  morphine  changes  ferridcyanide  of  potash  into  ferrocyanide 
of  potash,  gives,  according  to  C.  Schacht,  no  satisfactory  result. 

(3.)  Fleury  has  proposed  a  titration  by  oxalic  acid  as  fol- 
lows : — 2  grms.  of  the  powdered  opium  are  macerated  a  few 
hours  with  8  cc.  of  aqueous  oxalate  of  ammonia,  brought  on  a 
filter,  and  washed  with  5  cc.  of  water.  To  the  filtrate  an  equal 
Tolume  of  80  per  cent,  alcohol  and  ammonia  to  alkaline  reaction 
is  added  ;  and  after  standing  twenty-four  hours  in  a  closed  fiask^ 
it  is  filtered,  and  the  flask  rinsed  out  with  some  cc.  of  40  per 
cent,  alcohol.  The  filter,  with  its  contents  after  drying,  is  placed 
in  the  same  flask  (which  should  not  be  cleansed),  a  few  drops  of 
alcoholic  logwood  solution  are  added,  with  an  excess  of  oxalic 
acid  solution  of  known  strength,  the  whole  being  made  up  to  100 
cc.  This  is  divided  into  two  parts,  and  the  excess  of  acid 
titrated  back  with  diluted  soda-lye.  If  the  oxalic  acid  solution 
is  of  the  strength  of  4*42  grms.  to  the  litre,  every  cc.  of  the  oxalic 
add  solution  which  has  become  bound  up  with  morphine,  corre- 
sponds to  0*02  grm.  of  morphine. 

(4.)  Hagei^B  MeUiod  has  the  merit  of  being  speedy,  although 
the  results  are  not  perfectly  accurate  : — 5  grms.  of  the  powdered 
opium  are  thoroughly  mixed  in  a  mortar  with  previously  slaked 
lune,  and  then  heated  in  a  flask  for  an  hour  with  50  grms.  of  dis- 
tilled water  at  a  boiling  tempei^ature.  The  whole  is  thrown  on 
a  small  filter,  and  washed  with  hot  water  until  the  filtrate  weighs 
80  grms.  This  filtrate  is  concentrated  in  the  water-bath  to  50 
grms.,  and  placed  in  a  conical  glass ;  1*5  grm.  of  ether  and  six 
drops  of  good  benzine  are  then  added,  which  hasten  the  separa- 
tion of  morphine,  and  hinder  the  adhesion  of  crystals  to  the  sides 
of  the  glass.  The  liquid  is  well  stirred,  and  3*5  grms.  of  chloride 
of  ammonium  are  added.  After  three  hours  the  morphia  is  thus 
precipitated,  separated  by  filtration,  and  weighed.  The  precipi- 
tate may  be  purified  by  washing  with  ether ;  some  morphine 
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always  remaiiiB  in  solution ;  but  it  may,  as  DragendorfT  suggests, 
be  recovered  by  sbaking  the  alkaline  solution  with,  amyl 
alcohol. 

§  31.  Mtdidnal  and  oHier  Preparatiom  of  Opium.— Tbe  cbirf 
mixtures,  pills,  and  other  forms,  officinal  and  non-officinal,  in 
wJiicli  opium  may  be  met  with,  are  as  follows  : — 


Comjiound  Tincture  of  Camphor,  P.  1!.*  —  Upiwm,    camphor, 

fcenzoic  acid,  oil  of  anise,  and  [iroof  spirit. 


(1.)  Ofieinal 

■f  Camphor,  P. 

•,  and  [iroof  spii 
Opium,     .         .     41  by  weisht  iu  100  by 
Ennzoic  Acid,    .41  „  „  „ 

Camphor,  .     ^1  „  „ 

Ono  grain  of  opium  is  coatained  in  half  an  ounce  of  the  tincture. 
Am,moniated  Tincture  of  Opiwn. — Strong  solution  of  ammonia, 
rectified  ajiirit,  opium,  oil  of  anise,  saffron,  and  bt^nzoic  aci<l. 
Opium,  1'04  parts  by  weight  in  100  by  measure. 

Benzoic  acid,     1-87  „ 

One  grain  of  opium  in  every  06  minims. 

The  Compound  Powder  of  Kino,  P.  B. 

Opium, 5  per  cent. 

Cinnamon, 20         „ 

Kino, 75         „ 

The  Compound  Powder  of  Opium,  P.  D. 

Opium, 10-00  jier  cent. 

Black  Pepper,  ....  13-33         „ 

Ginger, 3333         „ 

Caraway  fruit,         ....  40-00         „ 
TragacantL,     .         .  .     3-33         „ 

Tincture  (j/OptuTn  (ZaMtfanujw).— Opium  and  proof  spirit.  One 
grain  of  opium  in  14-8  min.;  that  is,  about  07  ports  by  weight  in 
100  by  measure. 

Pill  (^Lead  and  Opium,  P.  B. 

Acetate  of  Lead,     ....  75-0  per  cent. 

Opium, 12-5         „ 

Confection  of  Roses,  12-5         „ 

*  The  common  appellation  of  thl«  tinctare  is  Parejorie,  or  Ponjorie 


§  31.]  OPIUM.  293 

AromoUic  Powder  of  Chalk  and  Opium. —Opium  2*5  percent., 
the  rest  of  the  constituents  being  cinnamon,  nutmeg,  saffron, 
cloves,  cardamoms,  and  sugar. 

Compcund  Powder  of  Ipecacuanha  (Dover's  Powder). 

Opium,  .         .  *       .         .         .         .         10  per  cent. 
Ipecacuanha,  .         .         .         .         10         „ 

Sulphate  of  Potash,         ...         80        „ 

Confection  of  Opium  {Confectio  opii)  is  composed  of  sjrup  and 
compound  powder  of  opium ;  according  to  its  formula,  it  contains 
2*4  per  cent,  of  opium  by  weight. 

Extract  of  Opium  contains  the  solid  constituents  capable  of 
extraction  by  water ;  its  strength  is  about  the  same  as  opium 
itself. 

Liquid  Extract  of  Opium  contains  5  per  cent,  of  extract  of 
opium. 

Limment  of  Opium  is  composed  of  equal  parts  of  laudanum  and 
soap  liniment;  it  contains  about  3*7  per  cent,  dry  opium. 

The  Compound  Soap-pill  is  made  of  soap  and  opium,  one  part 
of  opium  in  every  five  of  the  mass — i.e.,  20  per  cent. 

Ipeeaeuanha  and  Morphine  Lozenges,  as  the  last,  with  the 
addition  of  ipecacuanha;  each  lozenge  contains  ^  grain  (1*8 
iDgrm.)  morphine  hydrochlorabe,  -jV  grain  (5*4  mgm.)  ipecacuanha. 

Morpliia  Suppositories  are  made  with  hydrochlorate  of  mor- 
phia, benzoated  lard,  white  wax,  and  oil  of  theobroma ;  each  sup- 
pository contains  ^  grain  (324  mgrm.)  of  morphine  salt. 

Opium  Lozenges  are  composed  of  opium  extract,  tincture  of 
tolu,  sugar,  gum,  extract  of  liquorice,  and  water.  Each  lozenge 
contains  one- tenth  of  a  giuin  (6*4  mgrms.)  of  extract  of  opium. 

The  Ointment  of  Galls  and  Opium  contains  one  part  of  opium 
in  14 '5  parts  of  the  ointment — 1.&,  opium  6*9  per  cent. 

Opium  Wine,  P.B. — Sherry,  opium  extract,  cinnamon,  and 
cloves.  About  4*5  of  opium  exti-act  by  weight  in  100  parts  by 
measure  (22  grains  to  the  ounce). 

Solutions  of  Morphia,  both  of  tJie  acetate  and  hydrochlorate, 
P.B.,  are  made  with  a  little  free  acid,  and  with  rectified  spirit. 
The  strength  of  each  is  half  a  grain  in  each  fluid  drachm  (*0324 
grm.  in  3*549),  or  '91  part  by  weight  in  100  by  measure. 

Morpliia  Lozenges  are  made  with  the  same  accessories  as  opium 
lozenges,  substituting  morphia  for  opium  ;  each  lozenge  contains 
3V  grai'^  of  hydrochlorate  of  morphia  (1*8  mgrm.). 

SffTup  of  Poppies. — The  ordinary  syrup  of  poppies  is  sweetened 
laudanum.  It  should,  however,  be  what  it  is  described — viz., 
a  syrup  of  poppy-heads.  As  such,  it  is  said  to  contain  one  grain 
of  extract  of  opium  to  the  ounce. 
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(2.)  Palmt  and  other  Xon-O^uai  rrfjitratwM  o/  OjnJm. 

(loilfrey's  Cordial  ia  niiide  on  mtlier  ii  Inrgo  acnlo,  auJ  is  v 
aLlo  iu  strength  snii  uoiu  posit  ion.  It  iiHuimy  cuutaiiia  aboat  11 
gi-aiii  of  opinin  in  each  fluid  oiinoe,*  and,  as  other  oonstjtuents, 
aaseafi-aa,  molaBseB  or  treacle,  rectified  spirit,  and  varioua  flavi 
ing  ingrcdionte,  especially  ginger,  cloves,  and  oonaader;  aaiseed 
and  caraways  may  also  be  detected. 

Grinrod'e  Remedy  for  fSpatnn  consists  of  hydrochlorate  of 
morphia,  spirit  of  sal-volatile,  ether,  and  camphor  julap;  strength, 
1  grain  of  the  hydi-ochlorate  in  every  6  oiiaces. 

Letnaurier's  OdontaJgio  Essence  is  acetate  of  morphia  dissalved 
in  cherry-laurel  water ;  strength,  1  grain  to  the  ounce. 

Nepenthe  ia  n.  preparation  very  aimilai-  to  Liq.  Opii  tedativ^  and 
is  of  aliout  the  same  streugbli  as  laudanum.1' 

Slack  Drop  (known  also  by  various  names,  such  as  Armstrongs 
Black  Drop)  is  essentially  an  a,cetic  acid  solution  of  the  consti- 
tueuta  of  opium.  It  m  usually  considered  to  be  of  four  tii 
the  Htruii-tli  of  hiuibmiui.  The  wholcf;ale  n-c.ipt  fi^r  it  is: 
Laudanum,  1  ounce,  and  distilled  vinegar  1  quart,  digested  for 
a  fortnight.  The  priginal  formula  proposed  by  the  Quaker 
doctor  of  Durham,  Edward  Tunatall,  is — Opium,  sliced,  i  lb.; 
good  verjuice.I  3  pints  ;  and  nutmeg,  Ii  ounce;  boiled  down  to 
a  syrupy  thickness;  \  lb.  of  sugar  and  2  teaspoonfuls  of  yeast  are 
then  added.  The  whole  is  set  in  a.  warm  place  for  six  or  eight 
weeks,  after  which  it  is  evaporated  in  the  open  air  until  it 
becomes  of  the  consistence  of  a  syrup.  It  is  lastly  decanted  and 
filtered,  a  little  sugar  is  added,  and  the  liquid  m&de  ap  to 
3  pints. 


DaHr/s  Carminative^- 

Carhonate  of  magnesia,     . 
Tincture  of  castor,    and    compound 
tincture  of  cardamoms,  of  each 

Oil  of  aniseed, 
Oil  of  nutmeg, 
Oil  of  peppermint. 
Peppermint  water,   . 


40  grains. 
15  drops. 


2fl. 


*  If  made  according  to  Dr.  Paria'  formula,  1^  griun  ia  an  onnce. 

f  It  taty  be  regarded  oa  a  purilied  alcoholic  solution  of  mcconste  of 
■nonihia,  with  a  little  excess  of  acid,  and  of  about  the  same  Btr«ogtb  at 
laudannm.     (Taiilur.) 

t  VerJDice  la  the  jaice  of  the  wild  crab. 
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Dose,  firom  a  half  to  one  teaspoouful.    Another  receipt  hms  no 
laudanum,  but  instead  sjrup  of  poppies. 

Chlaradyne. — Brown's  chlorodjne  is  composed  of — 


Chloroform, 
Chloric  ether,   . 
Tincture  of  capsicum, 
Hjdrochlorate  of  morphine, 
Scheele's  prussic  acid, 
Tincture  of  Indian  hemp. 
Treacle,    .... 

Atlnnson'a  Infant  Preserver — 

Carbonate  of  magnesia,     . 

White  sugar,    . 

Oil  of  aniseed, 

Spirit  of  sal-Yolatile, 

Laudanum,    '  . 

Syrup  of  sa£[h)n, 

C^urawaj  water,  to  make  up, 

BoerlMv^a  OdonUdgic  Essence-— 

Opium,    .... 
Oil  of  cloves,    . 
Powdered  camphor. 
Rectified  spirit, 


6  drachms. 

1        „ 

I       ,, 
8  grains. 

12  drops. 

1  drachm. 

1    „ 

6    drachms. 

2  ounces. 
20    drops. 

2\  drachms. 

1 

1  ounce. 

1  pint. 

0}  drachm. 

2 

5 


>» 


» 


li  fl.  ounce. 


§  32.  Doses  of  Opium  and  Aforphia, — Opium  in  the  solid  state  is 
prescribed  for  adults  in  quantities  not  exceeding  3  grains,  the 
usual  dose  being  from  ^  to  1  grain  (16*2  mgrms.  to  64*8  mgrms.). 
The  extract  of  opium  is  given  in  exactly  the  same  proportions 
(special  circumstances,  such  as  the  habitual  use  of  opium, 
excepted);  the  dose  of  all  the  compounds  of  opium  is  mainly 
regulated  by  the  proportion  of  opium  contained  in  them. 

The  dose  for  children  (who  bear  opium  ill)  is  usually  very 
small;  single  drops  of  laudanum  are  given  to  infants  at  the 
breast,  and  the  dose  cautiously  increased  up  to  ten  years  okL 
Most  practitioners  would  consider  half  a  grain  a  very  full  dose; 
and  in  cases  requiring  it,  would  seldom  prescribe  at  first  more 
than  jY  ^  i  grain. 

The  dose  of  solid  opium  for  a  horse  is  from  |  drachm  to 
2  drachms  (1-77  grm.  to  7*08  grms.);  in  extreme  cases,  however, 
4  drachms  (14*16  grms.)  have  been  given. 

The  dose  for  large  cattle  is  from  10  to  60  grains  (-648  to  3*88 
grms.)  ;  for  calves,  10  grains  (*648  grms.) ;  for  dogs  it  is  greatly 
regulated  by  the  size  of  the  animal,  ^  grain  to  2  grains  (16*2  to 
129-6  mgrms.). 
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FaUil  Bote. — Cases  are  recorded  of  inlants  dying  from  ex- 
tremely small  doses  of  opium — e.g.,  ^,  -^j,  aud  J  of  a  gnLUi  ;* 
but  in  Euch  inatances  one  c:iniiot  help  suBpecting  some  mistake. 
It  may,  however,  be  freely  conceded  that  a  very  small  quantity 
miglit  be  fatal  to  infanta,  and  that  tialf  a  grain  given  to  a  child 
under  one  year  would  probably  develop  serioua  Hymptoms. 

The  Rmallest  dose  of  solitl  opium  known  to  bave  proved  fatal 
to  adults  waa  equal  to  4  grains  ("256  grms.)  of  crude  opium 
(Taylor)  ;  and  the  smallest  dose  of  the  tincture  (laudanuio), 
2  dniclima  (7-0  cc.)  {Taylor);  the  latter  is,  however,  nther 
uncertain  in  its  composition. 

A  dangerous  dose  (save  under  special  circumstances)  is  ; — For 
a  horse,  4  drachms  (14-17  grms.);  for  cattle,  2  drachms  (7-01 
grms.) ;  for  a  dog  of  the  size  and  strength  of  a  foxhound, 
'i  grain.s  ('182  grm.). 

§  33.  General  Metlmdfor  tlie  Detection  of  Opium.— Vt.  is  usually 
laid  down  in  forensic  works  that  where  poisoning  by  opium  ia 
suspected,  it  is  sufficient  to  detect  the  presence  of  meconic  acid 
in  order  to  establish  that  of  opium.  In  a  case  of  adult  [>oison- 
itig  Uicru  is  tjL-iifrally  substaiicf  enousii  avaihiMi'  li'  ...luaiii  one 
or  more  alkaloids,  and  the  presence  of  opium  may,  without  a 
reasonable  doubt,  be  proved,  if  meconic  acid  (as  well  as  either 
morphia,  narcotinc,  thebnia,  or  other  opium  alkaloid)  has  been 
detected.  Fills  containing  either  solid  opium  or  the  tincture, 
usually  betray  the  presence  of  the  drug  by  the  odour,  and  in 
such  a  case  there  can  be  no  possible  dil&culty  in  isolating  mor- 
phine and  meconic  acid,  with  probably  one  or  two  other  alkaloids- 
The  method  of  extraction  from  organic  fluids  is  the  same  as 
before  described,  but  it  may,  of  course,  be  modified  for  any 
special  purpose.  If  opium,  or  a  preparation  of  opium,  be  sub- 
mitted to  Dragendorfl 's  process  (see  ]>,  3C7),  the  following  is  a 
sketch  of  the  chief  points  to  be  noticed. 

If  the  solution  is  add — 

(1.)  Bensin&  mainly  extracts  tneconin,  which  dissolves  in  sul- 
phuric acid  very  gradually  (iu  twenty-four  to  forty-eight  hours), 
with  a  green  colour  passitiginto  red.  Meconin  has  no  alkaloidal 
reaction. 

(2.)  Aniyl  alcohol  dissolves  small  quantities  of  meconic  add, 
identified  by  striking  a  blood-red  colour  with  ferric  chloride. 

If  now  the  arayl  alcoliol  is  removed  with  the  aid  of  petroleum 
ether,  and  the  fluid  made  alkaline  by  ammonia — 

(1.)  Bensine  extracts  narcotine,  codeine,  and  thebaine.  On  eva- 
poration of  the  benzine  the  alkaloidal  residue  may  be  dissolved 

*  -7,  4-3,  and  S'l  mgrms. 


i 
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in  water,  acidified  with  sulphuric  acid,  and  after  filtration,  on 
adding  ammonia  in  excess,  thehaine  ctnd  narcotine  are  precipitated, 
codeine  remaining  in  solution.  The  dried  precipitate,  if  it  con-b 
tain  thebaine,  becomes  blood-red  when  treated  with  cold  concen- 
trated sulphuric  acid,  while  narcotine  is  shown  by  a  violet  colour 
developing  gradually  when  the  substance  is  dissolved  in  dilute 
sulphuric  acid  1  : 5,  and  gently  warmed.  The  codeine  in  the 
ammoniacal  solution  can  be  recovered  by  shaking  up  with  benzine, 
and  recognised  by  the  red  colour  which  the  solid  substance  gives 
when  treated  with  a  little  sugar  and  sulphuric  acid. 

(2.)  Chloroform  especially  dissolves  the  narceinCy  which  on  eva- 
poration of  the  chloroform  may  be  identified  by  its  general 
characters,  and  by  its  solution  in  Frohde's  reagent*  becoming  a 
beautiful  blue  colour.  Small  quantities  of  morphine  may  be 
extracted  with  codeine. 

(3.)  Amyl  alcohol  extracts  from  the  alkaline  solution  mor- 
phine, identified  by  its  physical  characters,  turning  violet  with 
Frohde's  reagent,  blue  by  chloride  of  iron,  and  reducing  iodine 
ont  of  iodic  acid ;  further,  by  its  solution  in  concentrated  sul- 
phuric add  becoming,  after  a  few  hours,  a  red  violet  on  the 
addition  of  a  little  nitric  acid. 

§  34.  The  principal  alkaloids  in  opium  are — Morphia,  narcotine, 
codeine,  narceine,  papaverin,  tJiehaine,  meconin,  opianyl,  and  meconic 
acid. 

Morphia  (morphine)  (CiyHigNOg  +  HgO),  the  most  important 
alkaloid  in  opium,  is  contained  in  quantities  which  are  somewhat 
variable.  According  to  Guibourt,  Smyrna  opium  yields  11*7  to 
21*46  per  cent.,  the  mean  being  12  to  14  per  cent. ;  Egyptian, 
from  6*8  to  12  per  cent. ;  Persian,  11*37  per  cent.  In  East 
Indian  Fatna  opium,  for  medical  use,  he  found  7 '7 2  3  in  a  sample 
used  for  smoking,  5*27  per  cent. ;  in  Algerian  opium,  12'1  per 
cent. ;  in  French  opium,  14*8  to  22*9  per  cent.  All  the  above 
determinations  are  calculated  on  the  drug  dried  at  lOO^C. 

Morphine  occurs  in  commerce  as  a  white  powder,  usually  in 
the  form  of  more  or  less  perfect  six-sided  prisms,  but  sometimes 
in  that  of  white  silky  needles.  When  heated  in  the  subliming 
cell  (described  at  p.  284),  faint  nebulae,  resolved  by  high  micro- 
scopic powers  into  minute  dots,  appear  on  the  upper  disc  at 
ISO^C.  As  the  temperature  is  raised  the  spots  become  coarser, 
and  at  188^0.  distinct  crystals  may  be  obtained,  the  best  being 
formed  at  nearly  200°C.,  at  which  temperature  morphia  begins 
distinctly  to  brown,  melt,  and  carbonise.  At  temperatures 
below  188^0.,  instead  of  minute  dots,  the  sublimate  may  consist 

*  1  ctgrm.  of  molybdate  of  soda  in  1  cc.  of  concentrated  salphnric  acid. 
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of  white  circular  spots  or  foliated  patterns.  It  dlosolves  in  9S0 
to  1000  parts  of  oold  water,  ia  400  to  500  parts  of  boiling  wat«*-, 
and  is  Rcurccly  soluble  in  ether  and  bensioe.  AliBoliite  alcohol, 
accordiug  to  Pettenkofer,  dissolveo  in  tht-  cold  one-fortieth  of  ite 
weight,  boiling,  one-thirtieth.  Amvl  alcohol,  in  the  cold,  disaolvcs 
one-fourth  per  cent,  and  still  moreif  theBlkuloidbit  thrown  oat  of 
an  aqueous  acid  Bolntion  by  ammoiiia  in  the  preaeuco  of  amyl 
alcohol ;  for  under  such  circumstances  tlio  luurphiae  has  uo  time  1 
to  become  crystalline.  According  to  Schlimp«rt.  one  pul  of 
morphine  requires  60  of  chloroform  for  solution ;  acuording  to 
Pettenkofer,  175. 

Morphine  is  easily  soluble  in  diluta  acids,  as  well  as  in  solo-  ■ 
tions  of  the  caustic  alkalies  and  alkaline  earths;  carbonated  J 
alkalies  and  chloride  of  ammonium  also  disaolve  small  r|uantitiQi.  J 
The  acid  watery,  and  the  alcoholic  solutions,  turn  tho  plane  of 
imlarisatiou  to  the  left;  for  sulphuric,  nitric,  and  hydrochloria 
Mcids  \a]r  =  SO'S";  in  alkaline  solution  tlie  polarisation  is  leM^  U 
[ay  =  4d'23°.  It  is  alkaline  in  reaction,  neutralising  addK.V 
fully;  and,  in  fact,  a  convenient  method  of  titrating  niorpliine  tl  " 
by  the  use  of  a  centinorinal  sulphuric  acid — each  cc.  eijtiAls  2'S& 
lugrm.  of  anhydrous  morphine. 

Products  of  Deeompnmtion  Teats. — If  morphine  is  separated,  ita 
behaviour  to  heat  (already  described)  ia  Tery  charact^tristic,  and 
assists  greatly  in  its  identification.  One  of  the  beat  confirmatoiy 
tests  is  the  action  of  iodic  acid ;— If  a  little  of  the  latter  be  mixed 
with  a  drop  of  freshly-made  thin  starch  paste,*  on  a  white  plate^ 
and  morphine  or  one  of  its  salts  be  added,  iodine  is  set  free,  and 
colours  the  starch  blue. 

Another  test  is  its  reducing  action  on  bichromate  of  potash  :— 
If  the  latter  salt,  with  a  little  strong  sulphuric  acid,  be  added  to 
morphine,  and  heated,  the  oxitle  of  chromium  (giving  first  * 
brown  and  then  a  green  tint)  is  produced. 

Concentrated  nitric  acid  dissolves  morphine,  first  reddenin| 
it,  and  the  resulting  resinous  product,  heated  with  potash, 
developB  methylaniin. 

Concentrated  sulphuric  acid  dissolves  morphine  in  the  oold, 

•  Instead  of'  starch  paato  Itieulphide  of  carbon  may  be  nied.  A  httle 
iodic  add  is  put  in  a  tdtube  with  a  few  drops  of  bisulphide  of  carbaa. 
The  luBpcctcd  tiubstancc  is  then  added,  and,  on  shahinK>  if  morphine  be 
present,  the  biaulubide  of  carbon  is  colonred  from  ■  row  to  a  dark  red. 
Again,  instead  of  iodic  acid,  iodate  of  potash  may  be  employed.  It  ii 
uanecesaary  to  say  that,  for  (his  purpose,  it  must  contain  no  trace  of  iodida 
The  latter  may  be  detected  by  potting  the  iodate  iu  .1  test-tube  with  a  little 
water,  sulphnric  acid,  anil  carbon  buolgihide  ;  the  l^itter  fluid  matt  then 
ahow  DO  red  colour. — Mohr. 
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withont  the  production  of  colour;  but  on  heating,  the  solution 
becomes  first  red-violet,  then  dirty  green.* 

If  morphine  is  heated  for  from  two  to  three  hours  in  a  closed 
tube  with  dilute  hydrochloric  acid,  water  is  eliminated — 

(C„Hi„NO,  =  C„H„NOj  +  HjO), 

and  the  hydrochlorate  of  apo-mpr})hine  is  produced.  If  morphine 
is  heated  with  iodide  of  methyl  and  absolute  alcohol  in  a  closed 
tube  for  half  an  hour  at  lOO^C,  methyl  iodide  of  morpliine  is 
obtained  in  colourless,  glittering,  quadratic  crystals,  easily 
soluble  in  water,  CiyHjg(CH3)N03l  +  "EL^O  ;  similarly  the  ethyl 
iodide  compound  can  be  produced. 

If  concentrated  sulphuric  acid  be  digested  on  morphine  for 
twelve  to  fifteen  hours  (or  heated  for  half  an  hour  at  100°C.),  on 
adding  to  the  cooled  violet-coloured  solution  either  a  crystal  of 
nitrate  of  potash,  or  of  chlorate  of  potash,  or  a  drop  of  dilute 
nitric  acid,  a  beautiful  violet-blue  colour  is  produced,  which 
passes  gradually  into  a  dark  blood-red.  yutf  ^^  ^  mgrm.  will 
respond  distinctly  to  this  test.  Frohde's  reagent  strikes  with 
morphine  a  beautiful  violet  colour,  passing  from  blue  into  dirty 
green,  and  finally  almost  vanishing.  ^^  of  a  mgrm.  will  respond 
to  the  test,  but  it  is  not  in  itself  conclusive,  since  papaverin  and 
certain  glucosides  give  an  identical  reaction. 

One  of  the  most  conclusive  tests  for  morphine  is  the  blue  colour 
which  it  strikes  with  neutral  chloride  of  iron.  The  best  way  to 
prepare  the  solution  of  iron  is  to  sublime  some  ferric  chloride, 
and  dissolve  the  product,  or  (as  suggested  by  Mohr)  to  use  the 
ferro-ammonium  alum. 

If  morphine  is  not  detected  in  the  contents  of  the  stomach,  it 
may  yet  be  found  in  the  intestines.t  Dragendorff  and  Kauf- 
mann,  in  their  experiments  on  animals,  recognised  morphine  in 
the  bowels  seversd  days  after  the  ingestion  of  the  poison.  If 
search  be  made  for  the  absorbed  alkaloid,  the  liver  is  the  organ 
in  which  it  has  been  most  frequently  detected ;  it  has  also  been 
found  in  the  blood. 

§  35.  Narcotine  (CgjHjjNOy)  crystallises  out  of  alcohol  or 
ether  in  colourless,  transparent,  glittering  needles,  or  groups  of 
needles,  belonging  to  the  orthorhombic  system. 

It  is  only  slightly  soluble  in  boiling,  and  almost  insoluble  in 
cold  water.     One  part  requires  100  parts  of  cold,  and  20  of  boil- 

^  The  sulpharic  acid  solation,  whether  heated  or  not,  ostuJly  contains 
some  imchaiiged  morphine. 

i*  Yoit  examined  tne  nrine  and  faeces  of  a  man  who  had  taken  morphine 
for  yean;  none  was  detected  in  the  nrine,  bat  it  was  separated  readily  from 
the  fieces.    Arch,  Pharm,  [3],  vii.  23-26. 
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ing  S5  i>er  cent,  alcohol;  126  jmrts  of  cold,  48  of  boiling  ether 
(Bpccific  gravity  0'735) ;  2'69  parts  of  clitorofomi  ;  400  of  oliva 
oil ;  60  of  acetic  ether ;  300  of  utayl  alcohol ;  and  22  parts  of 
benzine,  for  solution.  The  neutml  solution  of  nnrcotine  tuma 
the  plnnc  of  polarisation  to  the  left,  [a]r=130'G;  tiio  acid  soln- 
tiou  to  the  right. 

Nnrcotine  gives  no  crjstnllino  sublimate  ;  its  behaviour  ia  tli» 
subliming  cell  is  described  at  p.  286. 

Behaviour  of  Narcoline  wU!i  Reagents. — Narcotine,  dissolved  in 
dilute  hydrochloric  acid,  and  then  treated  with  a.  Httle  bromine^ 
gives  a  yellow  precipitate,  which  on  boiling  is  dissolved ;  by 
gradually  adding  solution  of  brainiue  and  boiling,  a  fine  ros» 
colour  is  produced,  but  readily  destroyed  by  excess  of  bromine. 
This  is  perhaps  the  beat  test  for  the  presence  of  narcotine.  Con- 
centrated sulphuric  acid  dissolves  narcotine  ;  the  solution  in  thft 
cold  ia  nt  £rst  colourless,  after  a  few  minutes  yellow,  and  in  thft 
course  of  a  day  or  longer  the  tints  graduaJly  deepen.  If  tbe  soln- 
tion  is  warmed,  it  first  becomes  orange-red,  then  at  the  mai^ia 
violet-blue  ;  and  if  heated  until  liydric  sulphate  bej;iiis  to  vola- 
tilise, the  colour  is  nil  intense  red-violet.  If  tlm  ln'iitiiiL;  is  not 
carried  so  far,  but  the  solution  allowed  to  cool,  a  delicate  cheny- 
red  hue  slowly  develops.  If  the  sulphuric  acid  solution  contains 
1  :  2000  of  the  alkaloid,  this  test  is  very  evident  j  with  1  :  40,000, 
the  colour  is  only  a  faint  carmine  {A.  Ilugemann). 

A  solution  of  nnrcotine  in  ])ure  snlj>huric  acid,  to  which  a  drop 
of  nitric  acid  has  been  added,  becomes  of  a  red  colour ;  if  the 
solution  is  warmed  to  150''C.,  hypochlorite  of  soda  develops  » 
carmine-red  ;  and  chloride  of  iron  first  a  violet,  then  a  cherry-red. 
The  precipitants  of  narcotine  are  :  phosphomolybdic  acid,  picric 
acid,sulphocyanideofpotash,potns3iocadniic  iodide,  mercuric  chlo- 
ride, plntinic  chloride,  auric  chloride,  and  several  other  reagents. 

Narcotine  is  })oisouous,  and  from  2  to  3  grms.  have  proved 
fetal  to  small  dogs  and  cats.  It  has  bisen  given  medicinal ly'-u 
much  as  1  -5  grm,  in  divided  doses  during  the  twenty-four  houn. 

From  the  brown  mass  left  after  heating  narcotine  abort 
SOCC,  hydrochloric  acid  extracts  a  small  portion  of  a  base  but 
littlp  studied.  The  residue  consists  of  humopic  acid  (C^oH,gO„), 
which  can  be  obtained  by  dissolving  in  caustic  potash,  precipi- 
tating with  HCl,  dissolving  the  precipitate  in  boiling  alcohol, 
and  finally  throwing  it  down  by  water, 

§  36.  Codeine  (CjgHjjNO^)  is  an  alkaloid  contained  in  optnm  in 
small  quantity  only.  Mulder,  indeed,  quotes  '66  to  -75  per  cent 
as  present  in  Smyrna  opium,  but  Merck  and  ScMndler  give  -35 
per  cent.  ScLindler  found,  in  Constantinople,  -5  per  cent  ;  anil 
Merck,  in  Bengal,  -5  per  cent.  also. 
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Codeine  crystallises  out  of  diy  ether  in  small,  colourless, 
anhydrous  crystals;  but  crystallised  slowly  from  an  aqueous 
solution,  the  crystals  are  either  in  well-defined  octahedra,  or  in 
prisms,  containing  one  atom  of  water,  and  melting  in  boiling 
water  to  an  oily  fluid. 

It  requires  80  parts  of  cold,  17  of  boiling  water,  10  parts  of 
benzole,  and  7  parts  of  amyl  alcohol  respectively,  for  solution. 
Alcohol,  ether,  and  chloroform  freely  dissolve  it,  but  in  petro- 
leum ether  it  is  almost  insoluble.  Further,  it  is  also  soluble  in 
aqueous  ammonia,  and  in  dilute  acids,  but  insoluble  in  excess 
of  caustic  potash  or  soda,  and  may  thus  be  thrown  out  of  an 
aqueous  solution.  A  solution  of  codeine  turns  the  plane  of 
polarisation  to  the  left,  ra]r  =  118*2®. 

Concentrated  sulphuric  acid  dissolves  codeine  without  colour, 
bat  after  eight  days  the  solution  becomes  blue  ;  this  reaction  is 
quicker  if  the  acid  contains  a  trace  of  nitric  acid.  If  the  sul- 
phuric acid  solution  be  warmed  to  150°C.,  and  a  drop  of  nitric 
add  be  added  after  cooling,  a  blood-red  colour  is  produced. 
Frohde's  reagent  (see  p.  297,  footnote)  produces  a  dirty  green 
colour,  soon  becoming  Prussian  blue,  and  terminating  after 
twenty-four  hours  in  a  pale  yellow. 

§  37.  Narceine  (CgsIIggNOj,)  crystallises  out  of  water,  alcohol,  or 
dilated  acetic  acid,  in  long,  white,  four-sided,  rhombic  prisms, 
or  fine  bushy  united  needles.  It  has  a  somewhat  bitter  taste, 
and  is  without  odour. 

•  The  crystals  generally  contain  water  of  crystallisation.  One  part 
of  narceine  dissolves  in  375  parts  of  cold,  230  of  boiling,  water. 
Very  concentrated  potash-lye  precipitates  narceine  from  its 
watery  solution  as  an  oil,  weaker  alkaline  liquids  dissolve  it. 
One  part  of  narceine  is  dissolved  in  945  parts  of  80  per  cent. 
alcoboL  It  is  easily  soluble  in  boiling  alcohol  and  in  hot  acetic 
acidy  bat  is  insoluble  in  ether.  Benzole  and  petroleum  ether 
extnust  narceine  neither  from  acid  nor  alkaline  solutions  ;  amyl 
alcohol  and  chloroform  only  from  alkaline  aqueous  solutions  in 
small  quantities.  Narceine  turns  the  2>lane  of  polarisation  to 
the  left,  a[r\  =  66°7. 

It  melts  at  134°C.,  but  gives  no  crystalline  sublimate.  The 
melted  substance  is  at  first  colourless  ;  but  on  raising  the  tem- 
perature, the  usual  transitions  of  colour  through  different  shades 
of  brown  to  black  are  observed.  If  melted,  and  kept  a  few 
degrees  above  its  melting  point,  and  then  cooled  slowly,  the 
remdue  is  straw-coloured,  divided  into  lobes,  most  of  which  con- 
tain feathery  crystals. 

At  high  temperatures  narceine  develops  a  herring-like  odour  ; 
the'resiaue  becomes  darkish  blue  with  iron  chloride.     Concen- 
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trated  niti-iL-  acid  dissolves  it  with  a  yellow  colour  ;  on  heating, 
reii  vaiKjurs  are  produced  i  the  fluid  contains  crystals  of  osalie 
acid,  and  deveiojw  with  potash  a  volatile  base.  Concentrated 
flnlphuiic  add  colours  pure  narceuie  brown  ;  but  if  impure,  a 
blood-red  or  blue  colour  may  be  produced. 

Friihde's  reagent  colours  it  first  yellow-brown,  then  yellow, 
and  lastly  the  solution  becomes  colourless.  Narceine  forms 
precipitates  with  bichromnte  of  potash,  chloride  of  gold,  bi- 
chloride of  platinum,  and  several  other  reagents.  The  ona 
formed  by  the  addition  of  potassio  zinc  iodide  is  in  hair-liko 
crystals,  which  after  twenty-foiir  hours  become  bine. 

Narceine  has  been  experimented  upon  by  a  large  number  of 
observers  ;  it  is  undoubtedly  a  narcotic,  and  in  Lirge  doaas  a 
poison.  It  has  been  given  subcutancoualy  in  doses  of  "03  and 
■OG  grm.  of  the  hydrochlorate. 

§  38.  Papaverin  (CgjHyNO,!*  oiystallises  from  ftlcohol  in 
white  needles  or  BCAles.  It  possesses  scarcely  any  alk&liuo 
reaction,  and  has  but  little  eSect  on  a  plane  of  polarised  light. 
It  is  almost  insoluble  in  water  ;  alcohol  and  ether  dissolve  it  in 
the  cold  with  difficulty ;  boiling,  copiously,  but  the  alkaloid  partly 
sejmrates  on  cooling.  One  part  of  the  alkaloid  is  dissolved  in 
36-6  of  benzine,  and  in  70  parts  of  amyl  alcohol.  Petroleum 
ether  diaaolvea  it  by  the  aid  of  heat,  but  the  alkaloid  separates  in 
crj-stals  on  cooling.  Chloroform  extracts  it  from  either  acid  or 
alkaline  solutions.  Papaverin  yivea  no  crystalline  sublimate.  It 
melts  at  1 30°C. ;  the  residue  is  amorphous,  light  brown,  and  is  not 
characteristic.  Concentrated  sulphuric  iicid, colours  it  a  deep 
violet-blue,  and  dissolves  it  to  a  violet,  slowly  fading.  This 
.solution,  by  permangitnate  of  potash,  is  first  green  and  then  gnj. 
Frobde's  reagent  gives  a  beautiful  violet  colour,  which  becomes 
blue,  and  vanishes  after  twenty-four  hours.  Diluted  solntions 
of  salts  of  papaverin  are  not  ]>recipitated  by  phosphomolybdie 
acid.  This  is  unusual  with  alkaloids,  and  may  assist  in  its 
identification. 

§39.  Tliebaine  (C[oB,,N03).  —  Opium  seldom  contains  mndi 
more  than  I  per  cent,  of  this  alkaloid.  It  usually  forma  needles 
or  short  crystals.  It  is  strongly  alkaline,  and  by  rubbisg 
becomes  negatively  electric  It  is  almost  insoluble  in  water, 
aqueous  ammonia,  and  solutions  of  the  alkalies.  It  requires  tea 
]>arts  of  cold  alcohol  for  solution,  and  dissolves  readily  in  hot 
Ether,  hot  or  cold,  is  also  a  good  solvent.  100  parts  of  benzine 
are  required  for  527  parts  of  thebaine,  and  100  of  amyl  alcohol 
for  1-67  parts.  Chloroform  dissolves  thebaine  with  diffictilty  out 
gave  the  foimala  CtoHijNO,  ,  H«sae  Ci 
eatly  confirmed  by  Beckrtt  and  Writjht 
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of  both  acid  and  alkaline  solutions ;  petroleum  ether  extracts  it 
from  neither.  Thebaine  sublimes  at  135^0.  The  sublimate  is  in 
minute  crystals,  similar  to  theine ;  at  higher  temperatures  (160°  to 
200*^0.)  needles,  cubes,  and  prisms  are  obtained.  The  residue  is 
£iim-coloured.  Frohde's  reagent  (as  well  as  concentrated  sul- 
]>haric  add)  dissolves  it,  with  the  production  of  a  blood-red  colour, 
IMUSsing  gradually  into  yellow.  The  precipitate  with  picric  acid 
is  yellow  and  amorphous ;  with  tannic  acid,  yellow ;  with  gold 
chloride,  red-yellow;  and  with  platinic  chloride,  citron-yellow, 
gradually  becoming  crystalline. 

Thebaine  is  a  powerful  poison.  Drs.  Crum  Brown  and  Fraser 
fbTm.d  '012  grm.  fatal  to  kittens;  and  Bernard  1  grm.  fatal  to 
dogs  of  from  7  to  8  kilogrms.  weight,  if  injected  into  the  veins. 
Mnller,  however,  using  the  same  quantity  subcutaneously,  did 
not  obtain  a  fatal  result.  The  symptoms  noticed  hitherto 
are  Tory  similar  to  those  produced  by  strychnine — viz.,  tetanic 
oonvulaions. 

§  40.  Meconin  {Opianyl)  (CjoHjqOJ  is  in  the  form  of  white  glit- 
tering needles,  which  melt  under  water  at  77°C.,  and  in  air  at 
90^0.,  again  coagulating  at  75°C.  It  may  be  sublimed  in  beau- 
tifiil  crystals.  It  is  soluble  in  22  parts  of  boiling,  and  700  of 
cold,  water;  dissolves  easily  in  alcohol,  ether,  acetic  acid,  and 
ethereal  oil,  and  is  not  precipitated  by  acetate  of  lead.  Its  solu- 
tion in  concentrated  sulphuric  acid  becomes,  on  warming,  purple, 
and  gives,  on  the  addition  of  water,  a  brown  precipitate.  It 
appears  to  be  without  toxic  action  on  human  beings  and  animals. 

§  41.  Meconic  Add  (C^H^Oy)  crystallises  in  white  shining 
scales,  or  small  rhombic  prisms,  with  three  atoms  of  water 
(CjHfij  +  3  HgO)  ;  but  at  100°C.  this  is  lost,  and  it  becomes  an 
opaque  white  mass.  It  reddens  litmus,  and  has  a  sourish  taste. 
It  is  but  little  soluble  in  cold,  but  dissolves  in  four  parts  of 
boiling,  water ;  it  dissolves  easily  in  alcohol,  less  so  in  ether.  It 
forms  well-marked  salts  ;  the  barium  and  calcium  salt  crystallise 
with  one  atom  of  water,  the  former  having  the  composition 
O^H^BajO^  +  HgO ;  the  latter,  if  ammonium  meconate  is  precipi- 
tated by  calcium  chloride,  C^HoCaoOy  +  HgO ;  but  if  calcium 
chloride  is  added  to  the  acid  itself,  the  salt  has  the  composition 
G^HjOaO^  +  HgO.  If  meconic  acid  is  gently  heated,  it  decom- 
poses into  carbon  dioxide  and  comcnic  acid,  CgH^Og.  If  the  heat 
is  stronger,  pyromeconic  acid,  C^H^Og — carbon  dioxide,  water, 
acetic  acid,  and  benzole  are  formed.  Pyromeconic  acid  is  readily 
sublimed  in  large  transparent  tables.  Chloride  of  iron,  and 
soluble  iron  salts  generally,  give  with  meconic  acid  (even  in  great 
dilation)  a  lively  red  colour,  which  is  not  altered  by  heat,  nor  by 
ihe  addition  of  HCl,  nor  by  that  of  gold  chloride.     Sugar  of 
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]e:id  and  nitrate  of  silver  each  ^re  a  wliite  precipitate;  and 
mercurous  and  mercuric  DitntteH  whits  anil  yellow  precipitatea. 

In  a  special  research  amongst  organic  fluids  for  mecooic  acid, 
tlie  substances  are  extracted  by  alcohol /eeWy  acidulated  with 
nitric  acid  ;  on  filtration  the  alcohol,  after  the  addition  of  a  littl* 
-water,  is  distilled  off,  and  to  the  remaining  fluid  ft  solution  of 
acetate  of  lead  is  added,  and  the  wholo  filtered.  The  filtrate 
will  contain  any  alkaloidB,whilst  meconicacid,  if  present,  is  bound 
up  with  the  lead  on  the  filter.  The  moconate  of  lead  may  ba 
either  washed  or  digested  in  strong  acetic  acid,  to  purify  it,  sotf- 
pended  in  water,  and  freed  from  lead  by  SH^  ;  the  filtrate  froio  ■ 
the  lead  sulphide  may  be  tested  by  ferric  chloride,  or  prefuraWy,  »t 
once  evaporated  to  dryness,  and  weigheil.  After  this  operatioa 
it  is  identified.  If  the  quantity  is  so  small  that  it  cannot  bs 
conveniently  weighed,  it  maybe  estimated  color! metrically,  byi 
having  a  standard  solutiou  of  Tueconic  acid,  containing  1  mgna. : 
in  every  cc,  A  few  drops  of  neutral  ferric  chloride  are  addA  isi 
a  Nessler  cylinder  to  the  liquid  under  examination  ;  and  tlie  tint ' 
thus  obtained  la  imitated  in  the  usual  way,  in  another  cylinder,' 
by  means  of  ferric  chloride,  the  stmid^in!  solutiun  and  wator.  It 
is  also  obvious  that  the  weight  of  the  meconic  acid  may  be 
increased  by  converting  it  into  the  barium  salt — 100  parts  of 
anhydrous  baric  meconato,  C-H.BfljO,  being  equivalent  to  423 
of  meconic  acid,  C,Ufi^ 

In  any  case  where  the  analyst  has  found  only  meconic  acid,  the 
question  may  be  raised  in  court  as  to  whether  it  ia  a  poison  or 
not.  The  early  experiments  of  Sertiimer,*  Langer,  Vogel,  Som- 
mering,  and  Gvape,f  showed  that  in  comparatively  speaking 
large  doses  it  had  but  little,  if  any,  action  on  dogs  or  men. 
Albers  J  has,  however,  experimented  on  frogs,  and  found  that  in 
doses  of  -1  to  '2  grm.  there  is,  first,  a  narcotic  action,  and  later 
convulsions  and  death.  According  to  Schroff§  there  is  a  alight 
narcotic  action  on  man.  Hence  it  follows  that  the  question  of 
its  poisonous  action  is  still  undecided. 

•  Ann.  Phys.,  JWv.  56 ;  xivij.  183. 

+  De  opio  el  lie  illu  ^uibui  eonttai  partibus.     Berol.,  1822. 

J  Arch.  Path.  Anal.,  rivj.  248. 

!  Mai.  Jaliretb.     1869. 
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III.— NUX  VOMICA. 

§  42.  Nux  Tomica  is  found  in  commerce  both  in  the  entire 
state  and  as  a  powder.  It  is  the  seed  of  the  Stryeknas  tMx 
ffomtieay  or  Koochla  tree.  The  seed  is  about  the  size  of  a  shilling, 
round,  flattened,  concavo-convex,  of  a  yellowish-grey  or  light- 
brown  colour,  covered  with  a  velvety  down  of  fine  radiating,  silky 
hairs;  the  texture  is  tough,  leathery,  and  not  easily  pulverised; 
the  taste  is  intensely  bitter.  The  powder  is  not  unlike  that  of 
liquorice,  and  if  met  with  in  the  pure  state  gives  a  dark  orange- 
red  colour  with  nitric  acid,  which  is  destroyed  by  chloride  of 
tin:  the  aqueous  infusion  gives  a  precipitate  with  tincture  of 
gallfly  is  reddened  by  nitric  acid,  and  gives  an  olive-green  tint 
with  persulphate  of  iron.  The  best  metliod,  however,  of  recog- 
nising quickly  and  with  certainty  that  the  substance  under 
examination  is  nux  vomica  powder,  is  to  extract  strychnine  from 
it  by  the  following  simple  process : — The  powder  is  completely 
exhausted  by  boiling  alcohol  (90  per  cent.),*  the  alcoholic 
extract  evaporated  to  dryness,  and  then  treated  with  water ;  the 
aqueous  solution  is  passed  through  a  wet  filter,  and  concentrated 
by  evaporation  to  a  small  bulk.  To  this  liquid  a  drop  or  so  of 
a  concentrated  solution  of  chromate  of  potash  is  added,  and  the 
yellow  precipitate  of  chromate  of  strychnine  thus  obtained  is 
aeparated,  and  identified  both  by  its  form  and  by  the  colour 
reactions  to  be  described  (p.  311). 

§  43.  Chemical  Composition. — Nux   vomica  contains  at  least 
four  distinct  principles — 

(1.)  Strychnine. 


(2.)  Brucia. 

(3.i  Igasuria. 

(4.)  Strychnic  or  igasuric  acid. 


.§  44.  Strychnine  (C21H22N2O2)  is  contained  in  the  bean  of  S. 
Ignatius,  in  the  bark  (false  amjastura  bark)  and  seeds  of  the 
Strychnos  nux  vomica,  in  the  Sirychnos  colubrina,  L.,  in  the 
Stry chinos  TientSy  Lesch,  and  probably  in  various  other  plants 
of  the  same  genus. 

CSommercial  strychnine  is  met  with  either  in  colourless  crystals 
or  as  a  white  powder,  the  most  usual  form  being  that  of  the 
alkaloid  itself;  but  the  nitrate,  sulphate,  and  acetate  are  also 
sold  to  a  small  extent. 

The  microscopical  appearance  of  strychnine,  as  thrown  down 

*  Instead  of  this  process,  the  more  exhaustive  one  described  at  page  310, 
caa  of  ooiifas  be  ased. 
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by  the  solution  or  vapour  of  ammonia,  may  be  referred  to  three 
leading  fnrmH  :-^t]ie  long  rectangular  prism,  the  short  hexagoaat 
priBui,  or  the  regular  octaLedron  (Guy).  If  obtained  from  the 
alow  evaporation  of  an  alcoholic  solution,  it  b  usually  in  the 
form  of  four-sided  pyraniida  or  long  prisms  ;  but  if  obtained  by 
speedy  evaporation  or  rapid  cooling,  it  appears  as  a  white  granulaj* 
powder.  If  obtAined  from  a  benzole  solution,  the  deposit  is 
usually  cryatalline,  but  without  a  constant  form,  though  at 
times  the  crystals  are  extremely  distinct,  the  short  six-sided 
prism  prevailing ;  but  triangular  plates,  dodecahedral,  rhomboidal, 
and  pentagonal,  may  aho  be  met  with  (Guy).  An  ethereal 
solution  on  eraporation  assumes  dendritic  forms,  but  may  con- 
tain octahedm  and  four-sided  prisms.  A  chloroform  solutioo 
deposits  rosettes,  veined  leaves,  stellate  dotted  needles,  circles 
with  broken  radii,  and  branched  and  reticulated  forms  of  grtst 
delicacy  and  beauty  (Guy). 

Strychnine  is  very  insoluble  in  water,  although  readily  dis- 
solved by  acidulated  water.  According  to  Wormley's  repeated 
experiments,  one  part  of  stryclinine  dissolves  in  8333  parte  of 
cold  water;  and,  aecordLt.g  to  Ptlh-tiir  and  Cnt.or,  it  Uissolvcs 
in  6667  parts  of  cold,  and  2500  parts  of  boiling,  water.  It  may 
be  convenient,  then,  to  remember  that  a  gallon  of  cold  water 
would  hardly  dissolve  more  than  10  grains  {'142  grm.  per  litre); 
the  same  amount,  if  boiling,  about  30  grains  of  strychnine  {'426 
grm.  per  litre).  The  solubility  of  one  part  of  strychnine  in  other 
menstrna  is  as  follows :— Cold  alcohol,  0-833  specific  gravity, 
120,  boiling,  10  parts  (M'iUatein) ;  cold  alcohol,  0-936  specific 
gravity,  240  parts  (Merck);  cold  alcohol,  0'815  specific  gravity, 
107  parts  (Droffendorff').  Amyl  alcohol,  181  parts;  benzine,  161; 
chloroform,  G-0  (SclUimpert),  5  (Pettenkofer);  creosote  and  essen- 
tial and  fixed  oils  also  dissolve  strychnine. 

Of  all  the  above  solvents,  it  is  evident  that  chloroform  is  the 
best  for  purposes  of  separation,  and  next  to  chloroform,  benmie. 

If  a  speck  of  strychnine  be  placed  in  the  subliming  cell,  it  will 
be  found  to  sublime  usually  in  a  crystalline  form  at  169''C.  A 
common  form  at  this  temperature,  according  to  the  writer's  own 
observations,  is  minute  needles,  disposed  in  lines;  but,  as  Dr. 
Guy  has  remarked,  the  sublimate  may  consist  of  drops,  of  wavinj^ 
patterns,  and  various  other  forms;  and,  further,  while  the  sn^ 
limatea  of  morphia  are  made  up  of  curved  lines,  those  of  strych- 
nine consist  of  lines  either  straight  or  slightly  curved,  witi 
parallel  feathery  lines  at  right  angles.  On  continuing  the  heat, 
strychnine  melts  at  about  221°C.,  and  the  lower  disc,  if  remond 
and  examined,  is  found  to  have  a  resinous  residue,  bat  it  atiU 
continues  to  yield  sublimates  until  reduced  to  a  spot  of  carbon. 
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Strychnine  is  so  powerfully  bitter,  that  one  part  dissolved  in 
70,000  of  water  is  distinctly  perceptible ;  it  is  a  strong  base,  with 
a  marked  alkaline  reaction,  neutralising  the  strongest  acids  fully, 
and  precipitating  many  metallic  oxides  from  their  combinations, 
oflen  with  the  ^rmation  of  double  salts.  Most  of  the  salts  of 
strychnine  are  crystalline,  and  all  extremely  bitter. 

An  alcoholic  solution  of  strychnine  turns  the  plane  of  polarisa- 
tion to  the  left,  [a]  r=  -13208°  to  136-78°  (Bouchardat)]  but 
acid  solutions  show  a  much  smaller  rotatory  power. 

The  salts  used  in  medicine  are — the  sutphtUe,  officinal  only  in 
the  French  pharmacopeia ;  the  nitrate,  officinal  in  the  German, 
Austrian,  Swiss,  Norse,  and  Dutch  pharmacopeias;  and  the 
acetate,  well  known  in  commerce,  but  not  officinal. 

The  Sulphate  {2C^^YL^jd^li^^0^  +  7H2O)  is  a  neutral  salt, 
crystallising  in  four-sided,  orthorhombic  prisms,  and  soluble  in 
about  50  parts  of  cold  water. 

The  Nitrate  (Cg^HgoNgOgHNOj)  crystallises  on  evaporation 
from  a  warm  solution  of  the  alkaloid  in  dilute  nitric  acid,  in  silky 
needles,  mostly  collected  in  groups.  The  solubility  of  this  salt 
is  considerable,  one  part  dissolving  in  50  of  cold,  in  2  of  boiling, 
water ',  its  solubility  in  boiling  and  cold  alcohol  (80  per  cent.)  is 
aknoBt  the  same,  taking  60  of  the  former  and  2  of  the  latter. 

The  Acetate  crystallises  in  tufts  of  needles ;  as  stated,  it  is  not 
officinal  in  any  of  the  European  pharmacopeias. 

The  chief  precipitates  or  sparingly  soluble  crystalline  com- 
pounds of  strychnine  are — 

(1.)  The  Chramate  0/ Strychnine  {C^iU^^^O^CrKO^),  formed  by 
adding  a  neutral  solution  of  chromate  of  potash  to  a  solution  of 
a  strychnine  salt,  crystallises  out  of  hot  water  in  beautiful,  very 
insoluble,  orange-yellow  needles,  mixed  with  plates  of  varioua 
size  and  thickness.  This  salt  is  of  great  practical  use  to  the 
analyst;  for  by  its  aid  strychnine  may  be  separated  from  a 
variety  of  substances,  including  brucine,  the  colour  tests  being- 
either  applied  direct  to  the  strychnine  chromate,  or  the  chromate 
decomposed  by  ammonia,  and  the  strychnine  recovered  from  the 
alkaline  liquid  by  chloroform. 

(2.)  Sulphocyanide  of  Stryc/inine  (CgiHgsNoOgCNHS)  is  a  thick, 
white  precipitate,  produced  by  the  addition  of  a  solution  of 
potaasic  sulphocyanide  to  that  of  a  strychnine  salt ;  on  warming 
it  dissolves,  but  on  cooling  reappears  in  the  form  of  long  silky 
needles. 

(3.)  Double  Salts, — ^The  platinum  compound  obtained  by 
adding  a  solution  of  platinic  chloride  to  one  of  strychnine 
ddoride  has  the  composition  CjiHojNjOjHClPtCljy  and  crystal- 
lises oat  of  weak  boiling   alcohol  (in  which  it  is  somewhat 
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soluble)  in  gold-like  ac&les.     The  similar  piUladinm  compaiiDd, 
CjiHjjNjCjHCl,  PdCl,  ia  in  dftrk-browu  newllas ;  and  tliegoM   ' 
compound,  Cj,HjjN.,O„H01AuClji,  in  orBngt-coloured  Dec^dlea. 

(4.)  .'itrychnine' TrteKloride.—Ths  action  of  chlorine  on  strvcli-  \ 
nine,  by  which  chlorino  is  substitutfid  for  k  portion  of  the  hydro- 
gen,  has  been  proposed  as  a  teat.  The  alkaloid  is  dissolved 
in  very  dilute  HCl,  ho  aa  to  be  only  just  acid  ;  on  now  passing 
through  chlorine  ga.s,  a  white  insoluble  precipitate  is  lormet),  I 
which  may  bo  recry stall ised  from  ether ;  it  has  probably  the  coin- 
position  C^HjgCljNjOj,  and  is  extremely  insolnble  in  water. 

(6.)  Thelodide  of  Sirtjdtnim  (CaH^N.O.Hr,)  is  obtained  by 
the  action  of  iodine  solution  on  Hti-ychniQe  sulphate ;  on  solution 
of  the  precipitate  in  alcohol,  and  evaporalion,  it  forms  violet- 
coloured  crystals,  very  simOar  to  those  of  potssstc  permanganate. 
Sruciue  forms  a  corresponding  salt  in  bronxe^wlourcil  needles. 

§  45.  Faial  Do»t  of  Stryehitine. — The  fatal  dose  varies  according 
to  age,  constitation,  and  other  mroumstances.  There  are  instances 
on  recoi'd  in  which  5  mgrms.  (^  grain),  when  given  in  aolutiMi 
by  the  stomach,  has  caused  poisonous  symptoms  ;  such  eases 
are,  however,  (exceptional.  Eiilonhnrg  lias  .ib.-^i.'rvL'd  jMi^oiioiig 
symptoms  produced  in  adults  by  the  subcutaneous  injection  of 
6  mgrms.  (^i^  grain),  and  of  10  mgrins.  (J  grain).  Bois  observed 
marked  poisonous  Rymptonis  from  the  similar  subcutaneous  ad- 
ministration of  8  mgrma.  to  a  child  six  years  old,  and  of  i  mgrms. 
to  a  child  four  years  old.  According  to  Christison,  a  child  of  from 
two  to  three  years  of  age  was  killed  by  y'jof  a  grain  (-0162  grm.). 
The  smallest  fatal  dose  on  record,  as  regards  adults,  is  related 
by  Wumor,  in  which  -OlS  to  -03  grm.  of  sulphate  of  strychuine 
{about  i^  to  ^  gi'ain)  caused  a  fatal  result.  Taylor  estimat«s 
the  fatal  dose  for  adults  as  from  ^  to  2  grains  (-0324  to  -1296 
grm.);  Guy  puts  the  niiniraum  «t  i  of  a  grain  ('0162  grra.). 

On  the  other  hand,  recovery  has  taken  place  from  Lirger  doses. 
Darwin  describes  recovery  from  li  grain  (-0972  grm.);  Taylor 
from  3  grains  (-1944  grm.);  and  Uusemann  from  3  to  7  grains 
(-1944  to  -4530  grm.). 

With  regard  to  the  poisonous  doses  for  nnimsla,  it  may  be 
stated  generally,  that  if  the  smallest  dose  prodncing  tetanic 
spasms  be  increased  by  one-third,  it  becomes  lollial.  According 
to  Christison's  researches,  -02  grm.  (about  ^  grain)  is  fatal  to 
swine;  03  grm.  (J  grain)  to  bears,  if  injected  into  the  pleura. 
1  to  3  grains  (0648  to  -1944  grm.)  is  given  to  horses  in  cases  of 
paralysis,  although  3  grains  cannot  but  be  considered  a  dangerooi 
dose,  unless  smaller  doses  have  been  previously  administered 
without  effect;  10  grains  would  prob:tbly  kill  a  horse,  and  1$ 
grains  (-972  grm.)  have  cerUinly  done  so. 


§  46.]  Nux  VOMICA.  309 

The  dose  for  dogs  is  -j^  of  a  grain,  cautiously  increased ;  tlie 
&tal  dose  depends  upon  the  size  and  weight  of  the  dog.  A  sheep 
dog  would  be  killed  by  about  the  same  dose  as  an  adult  man ; 
hence  half  a  grain  to  such  a  dog  would  be  a  dangerous  dose,  if  it 
were  administered  without  beginning  with  smaller  quantities. 
According  to  Rosenthal  and  Leube  the  fatal  dose  for  kittens  is 
1*2  mgrm.  (018  grain)  for  every  pound  weight  of  the  body. 
Guinea-pigs  require  6  mgrms.  ('09  grain);  doves,  2*4  mgrms.  (-036 
grain).  Frogs  are  very  susceptible;  sometimes  so  small  a  dose  as 
-01  mgrm.  (j^fW  g^ui)  is  sufficient  to  excite  tetanus.  Fowls,  on 
the  other  haiid,  are  very  unsusceptible,  requiring,  if  of  moderate 
size,  24  mgrms.  (*36  grain)  to  induce  a  fatal  result.  Certain  birds 
also,  such  as  the  Buceros  rhinoceros^  enjoy  a  special  immunity, 
and  are  said  to  feed  on  the  fruit  of  the  strychnos  tree. 

§  46.  Separation  of  Strychnine  from  Organic  Matters. — The 
separation  of  strychnine  from  organic  matters,  &c.,  is  undertaken 
strictly  on  the  general  principles  already  detailed  (p.  266).  It 
may  happen,  however,  that  in  cases  of  poisoning  there  is  the 
strongest  evidence  from  symptoms  in  the  person  or  animal  that 
strychnine  alone  is  to  be  sought  for.  In  an  instance  of  the  kind, 
if  a  complex  organic  liquid  (such  as  the  contents  of  the  stomach) 
is  under  examination,  it  is  best  to  remove  the  solid  substances 
by  filtration  through  glass-wool  or  linen,  and  evaporate  nearly  to 
dryness  over  the  water-bath,  acidifying  with  acetic  add,  and  then 
exhausting  the  residue  repeatedly  with  boiling  alcohol  of  80  per 
cent.  The  alcoholic  extract  is  in  its  turn  evaporated  to  dryness, 
and  taken  up  with  water ;  the  aqueous  solution  is  passed  through 
a  wet  filter,  and  then  shaken  up  with  the  usual  succession  of  fluids, 
viz.,  petroleum  ether,  benzole,  chloroform,  and  amyl  alcohol,  which 
will  remove  a  great  number  of  impurities,  but  will  not  dissolve 
the  strychnine  from  the  acid  solution.  The  amyl  alcohol  may 
lastly  be  removed  by  petroleum  ether ;  and  on  removal  of  the 
final  extractive  (whidi  should  be  done  as  thoroughly  as  possible) 
chloroform  is  added,  and  the  fluid  is  alkalised  by  ammonia,  which 
precipitates  the  alkaloid  in  the  presence  of  the  solvent.  Should 
the  reverse  process  be  employed — that  is,  ammonia  added  first, 
and  then  chloroform — ^the  strychnine  is  not  so  perfectly  dissolved, 
since  it  has  time  to  assume  a  crystalline  condition;  on  separation 
and  evaporation  of  the  chloroform,  the  residue  (if  much  dis- 
coloured, or  evidently  impure)  may  be  dissolved  in  alcohol  or 
benzole,  and  recrystaUised  several  times ;  this  by  practice  can  be 
done  without  any  loss  of  substance. 

Should  search  be  made  for  minute  portions  ef  strychnine  in  the 
tissues,  considering  the  small  amount  of  the  poison  which  may 
produce  death,  it  is  absolutely  necessary  to  operate  on   a  very 
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large  quantity  of  material.  It  wonld  be  adnBAbla  to  talce  the 
wliolo  of  the  liver,  thu  lirain,  spituil  conl,  liplcei),  stomach,  dno- 
deuam,  kidofiys,  all  tlio  bloml  Lh»t  can  bo  ubtunml,  and  a  cod- 
viderable  cinantity  of  muscular  tissue,  so  us  to  make  in  ftll  ab<»t 
one-eightlitoone-tenth  of  the  whole  body;  thumftvlKinit  opinto 
small  pieces,  and  boilpil  in  capacious  Sasks  with  aloobol,  ncai}iA<4 
with  acetic  acid.  Evaporation  must  bo  L*ontrotled  b^^  adaptii^ 
to  the  cork  an  upright  condenser. 

Should  the  annlj'st  not  have  apparativs  of  a  size  to  nndmlaka  | 
thiB  at  one  operation,  it  may  he  done  in  separate  portioaa  ;  Utf-' 
filtrate  from  any  bingle  operation  huiiiK  colliKrtMl  in  n  flask,  aal. 
the  spirit  dbtilled  off  in  order  to  be  used  for  the  nest.  In  thil 
way,  a  large  quantity  of  the  orRaua  aiid  tlssnes  cau  be  cxbaiuttJ 
by  half  a  gallon  ef  alcohol.  Finally,  most  of  the  alcohol  i*  i» 
tilled  oS*,  and  the  remaiuder  evaporated  at  a  gentle  hoit  in  ■ 
oapacions  dish,  the  extract  being  treated  by  water,  ice.,  m 
described.  It  is  only  by  working;  on  this  large  scale  that  then 
is  any  probability  of  detecting  absorbed  stryolinitio  in  tJiow  ou« 
where  only  one  or  two  grains  havo  riestroyod  life,  and  even  til* 
it  is  possible  to  miss  the  poison. 

Strychnine  has  been  detiwtcd  tn  t.ho  blood  of  dogs  and  cats  in 
researches  s]iecially  undertukon  for  that  purpoKO,  but  sonotiiM* 
a  negative  result  has  been  obtained,  without  apparent  tamt, 
{Dntgendorf.)''  Dragendorff  gave  dogK  tlio  lai^est  possible  dw> 
of  stryohuine  daily.    On  thb  first  few  dJiyR  no  strychnine  was  {b«id_ 
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lastly^  Richter  in  putrid  tissues  exposed  for  eleven  years  to 
decomposition  in  open  vessels. 

§  47.  Identification  of  Hie  Alkaloid. — A  residue  containing 
strychnine,  or  strychnine  mixed  with  bnicine,  is  identified — 

(1.)  By  its  alkaline  reaction  and  its  bitter  taste.  No  sub- 
stance can  possibly  be  strychnine  unless  it  taste  markedly 
bitter. 

(2.)  By  its  behaviour  in  the  subliming  cell  already  described ; 
tests  may  be  applied  to  any  of  the  sublimates,  or  to  the  substance 
itself.  Dr.  Guy  has  proposed  to  treat  a  sublimate  with  a  drop 
of  a  solution  of  dilute  picric  acid,  Try^ri  i^  ct  few  seconds  or 
minutes  small,  round,  greenish-brown  spots  show  themselves, 
which  spread,  often  coalesce,  and  become  the  centres  of  delicate 
arborescent  crystalline  groups,  the  elementary  form  in  all  of 
which  is  a  large  section  of  a  small  circle,  a  rare  form,  and  one 
eminently  characteristic. 

(3.)  By  the  extremely  insoluble  chromate  of  strychnine, 
alr^dy  described.*  A  fluid  containing  1  :  1000  of  strychnine 
gives  with  chromate  of  potash  (if  allowed  to  stand  over  night)  a 
marked  precipitate,  dissimilar  to  all  others,  except  those  of  lead 
and  baryta  chromates,  neither  of  which  can  possibly  occur  if  any 
of  the  processes  described  are  followed. 

(4.)  If  the  chromate  just  described  is  treated  on  a  porcelain 
plate  with  a  drop  of  pure  strong  sulphuric  acid,  a  deep  rich  blue 
colour,  passing  through  purple  into  red,  rapidly  makes  its 
appearance.  Dr.  Guy,  neglecting  intermediate  colours,  aptly 
compares  the  succession — (1.)  to  the  rich  blue  of  the  Orleans 
plum  j  (2.)  to  the  darker  purple  of  the  mulberry ;  and,  (3.)  to 
the  bright  clear  red  of  the  sweet  orange. 

({►.)  These  colours  may  be  also  obtained  by  mixing  a  drop  of 
sulphuric  acid  with  strychnine  and  a  crystal,  or  speck,  of  any 
one  of  the  following  substances — ferridcyanide  of  potash,  per- 
manganate of  potash,  peroxide  of  lead,  or  peroxide  of  man- 
ganese. 

(6.)  Letheby's  galvanic  colour  test : — If  a  minute  strychnine 
residue,  obtained  by  the  evaporation  of  a  drop  of  dilute  solution 
of  strychnine,  in  a  cup-shaped  depression  in  a  piece  of  platinum 
foil,  be  treated  with  a  drop  of  concentrated  sulphuric  acid,  and 
the  foil  connected  with  the  positive  polo  of  a  Grove  or  Smee's 
battery,  on  touching  the  acid  with  the  negative  pole  a  violet 
colour  flashes  out,  and  on  removing  the  pole  the  tint  remains. 

(7.)  Sonnenschein  has  proposed  the  sesquioxide  of  cerium  and 

•  1  grm.  of  strychnine  gave  1*280  grms.  of  the  chromate,  =  78*1  per  cent. 
of  cfciychnine;  3  gave  3*811  of  the  clm)mate,  =78*77  percent,  of  strychnine. 
— Mohr. 
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Hitlphurio  wud  as  a  test  for  stryclinine;  thn  ouloun  produood 
tt  beautiful  blue,  passing  slowly  iuto  violet,  aad  tormiaatiiijj  i 
long  enduring  cherry-rud. 

Thesii  colour  tests  are  supposed   ta  be  employed  upon 
more  or  less  pure  substance.     If,  however,  strychnine  bo  nii. 
with  no  great  quantity  of  starch  or  dcstriue,  tartar  emetic, 
acid,  or  argol,  it  will  still  respond. 

Bruciue,  if  in  lai^e  quantity,  renders  the  teats  for  atrychui 
uncettiiin ;  but,  as  already  pointed  out,  the  strychnine  uuy 
converted  into  chromate,  and  thus  separated  from  brucine.  Tbn 
pharmaceutical  preparations,  moreover,  do  not  contain  suffieieal 
brucine  to  interfere  seriously  with  the  colour  tests.  In  mixtoH 
with  santoDin  it  is  easily  detected.  Dn^eudorlT  oIiUuimS 
evidence  of  its  presence  when  only  flo  small  a  quantity  as  -3^ 
mgrni.  was  present.  In  niixtui*  with  quiuiue  and  ciaclionlofl^ 
it  can  also  be  detected.  Dragendorff  tvas  able  to  render  eviJenl; 
-025  mgrm.  mixed  with  twenty  times  its  weight  of  quia,  aulphuai 
the  same  observer  likewise  FMognised  -04  mgrm.  of  stryohiti — 
in  thirty-three  times  its  weight  of  cd^eine.  YeratrinA  ta  iU 
wise  not  injurious.  Since  morphine  is  used  as  nn  antidote,  it 
might  bo  separated  witli  strycliniop ;  llfose*  recognised  in  ft 
mixture  of  equal  parts  of  strychnine  and  moi'phine,  ftiiss  X"^ 
when  tho  proportion  was  1  ;  2 ;  joJ^ff  S""™.  when  1:3;  ^jJ^tj 
grm.  when  1:4;  Yolas  S''""-  when  1:5;  ^^'^^  grm.  when  1:10; 
Tvsv  tT""^'  w^^>>  1  1  2U ;  but  these  alkaloids  are  easily  separated, 
absolute  alcohol  dissolving  out  the  morphine,  and  leaving  the 
strychnine. 

(8.)  The  Pkjfgiological  Test  consists  in  administering  the  aub- 
sttuice  to  some  small  animal  (preferably  to  a  frog),  and  inducing 
the  ordinary  tetanic  symptoms.  It  maybe  at  once  observed 
that  if  definite  cheuiical  evidence  of  stryclmijic  has  been  obtained, 
tho  physiological  test  is  quite  unneceas;vry ;  and,  on  tho  other 
hand,  should  the  appHcstion  of  a  liquid  or  substance  to  a  froj; 
induce  tetanus,  while  chemical  evidence  of  the  presence  of 
strychnine  was  wanting,  it  would  be  hazardous  to  assert  that 
st^chnine  was  present,  seeing  that  caffeine,  carbolic  acid,  picro- 
toxin,  and  many  other  substances  induce  similar  symptoms. 
The  tost  has,  however,  this  value  for  an  analyst,  that  it  would 
indicate  immediately  the  presence  of  some  poison.  The  best 
method  (if  the  test  is  used  at  all)  is  to  take  two  frogs,t  wd 
insert  under  the  skin  of  tho  one  tliu  needle  of  a  wb- 
cutaneous  syringe,  previously  charged  with  a  solution  of  the 

*  PSarm.  Zr.ilirhr. /.  RiimI.  Jahrg.,  i.,  p.  277. 

+  A  very  practical  liisadvantaee  of  the  physiological  test   ia  the  p««t 
dilGcalty  of  obtainiog  ftO';;s  cxacliy  when  wnnteJ. 
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sabstanoe^  injeotiiig  a  moderate  quantity.  The  other  frog  is 
treated  similarly  with  a  very  dilate  solution  of  strychnine,  and 
the  two  are  then  placed  under  small  glass  shades,  and  the  symp- 
toms ohserved  and  compared.  It  is  not  absolutely  necessary  to 
ioject  the  solution  under  the  skin,  for  if  applied  to  the  suiiace 
the  same  effects  are  produced ;  but  if  accustomed  to  manipulation, 
the  operator  will  find  the  subcutaneous  application  more  certain, 
especially  in  dealing  with  minute  quantities  of  the  alkaloid.* 

$  48.  Brucine,  CgjH^NjO^jt  occurs  associated  with  strychnine 
in  the  plants  already  mentioned ;  its  best  source  is  the  so-called 
falae  angustura  bark,  which  contains  but  little  strychnine.  Its 
action  is  similar  to  that  of  strychnine.  If  crystallised  out  of 
dilate  alcohol  it  contains  4  atoms  of  water,  easily  expelled  either 
in  a  vacuum  over  sulphuric  acid  or  by  heat.  Crystallised  thus, 
it  forms  transparent  four-sided  prisms,  or  arborescent  forms,  like 
boric  acid.  If  thrown  down  by  ammonia  from  a  solution  of  the 
acetate,  it  presents  itself  in  needles  or  in  tufbs. 

The  recently  crystallised  alkaloid  has  a  solubility  different 
from  that  which  has  effloresced,  the  former  dissolving  in  320 
parts  of  cold,  and  150  parts  of  boiling,  water;  whilst  the  latter 
(according  to  Pelletier  and  Caventou),  requires  500  of  boilings 
and  850  parts  of  cold,  water  for  solution.  Brucine  is  easily 
soluble  in  absolute,  as  well  as  in  ordinary,  alcohol;  1  part 
dissolves  in  1-7  of  chloroform,  in  60*2  of  benzine.  Petroleum 
ether,  the  volatile  and  fatty  oils  and  glycerine,  dissolve  the  alkaloid 
■lightly,  amyl  alcohol  freely;  it  is  insoluble  in  anhydrovs  ether. 
The  behaviour  of  brucine  in  the  subliming  cell  is  described  at 
p.  287.  The  alcoholic  solution  of  brucine  turns  the  plane  of  polari- 
sation to  the  left,  [air  =  - 11*27°.  The  taste  is  bitter  and  acrid. 
Soabeiran  maintains  that  it  can  be  recognised  if  one  part  is  dis- 
solved in  500,000  parts  of  water.  Brucine  fully  neutralises 
aeidSy  and  forms  salts  which  are  for  the  most  part  crystalline. 
The  neutral  sulphate  (CjsHjgNjO^SHjO^  +  3 j^HjO)  is  in  loug 
needles,  easily  soluble  in  water.  The  acetate  is  not  crystalline, 
that  <^  strychnine  is  so  (p.  307). 

The  predpitants  of  solutions  of  the  salts  of  brucine  are — am- 
aoniay  the  caustic  and  carbonated  alkalies,  sulphocyanide  of 

*  Methyl  strychnine,  as  well  as  methyl  brucine,  has  been  shown  by 
Bnnm  and  Fraser  to  have  an  e£fect  exactly  the  opposite  to  that  of  strychnine, 
panlyanff  the  muscles  like  curari.  In  the  case,  therefore,  of  the  methyl 
oompoonas,  a  physiological  test  would  be  very  valuable,  since  these  com- 
ponnds  do  not  respond  to  the  ordinary  tests. 

i"  Somienscliein  has  asserted  that  brucine  may  be  changed  into  strychnine 
hf  the  action  of  NOj ;  ^is  statement  has  been  investigated  by  A.  J.  Cownley, 
bat  not  confirmed. — Pharm,  Journ,  [3],  vi.  S41. 
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potaab,  chloride  of  plntmiira,  pbospbomolybdic  acid,  and  a  large 
□umber  of  genei-ul  alkaloidal  reagents. 

Tlie  only  really  truatwovtby  teat  for  the  presence  of  bnicine  ia 
its  behaviour  with  nitric  ncid ;  witli  that  reagent  it  produces  a 
scarlet  colour,  passing  into  blood-retl,  into  yellow-red,  and 
finally  ending  in  yellow.  This  can  be  made  somotliing  more  thaaj 
a  mere  colour-test,  for  it  is  possible  to  obtain  a  crystalline  bodjT 
ironi  the  action  of  nitric  acid  on  brucinc.  If  a  little  of  the  lattw 
be  ]>ut  in  a  test-tubu,  and  treated  with  nitric  acid  of  1-4  specifis 
gravity  (immersing  the  test-tube  in  cold  water  to  moderate  tlw 
twtion),  the  scarlet  colour  ia  produced,  and  there  is  a  develop- 
ment of  nitric  oKide  and  carbon  dioxide,  and  the  formation  of" 
methvl  nitrite,  oxalic  acid,  and  kakotelin,  CmH,qN'jO.  +  SNHOt 
=  Cjo'HojN^Oo  -i-  N(CHg)0(  *  CjHjO^  +  2N0  4-  SHjO.  On  diluting 
abundantly  with  water,  the  kakotelin  separates  iu  yellow  flocks, 
and  may  be  crystallised  out  of  dilute  liydroohloric  or  dilute  nitria 
acid  in  the  form  of  yellow  or  orange-red  crystals,  very  ineoIublA' 
in  water,  but  dissolving  readily  in  dilnto  acid.  On  removal  bf 
dilution  of  the  product  just  named,  neutraliaation  with  ammoniis 
and  addition  of  a  solution  of  chloride  of  calcium,  the  oxalate  of 
lime  is  thrown  down.  This  combined  test — viz.,  the  ptx>ductioa 
by  the  action  of  nitric  acid,  (1.)  of  a  red  colour ;  (3.)  of  yellow 
scales  or  crystals  insoluble  in  water;  (3.)  of  oxalic  acid — can 
belong  to  no  alkaloid  except  bntcine. 

■  There  are  other  methods  of  producing  the  colour  test.  If  a 
few  drops  of  nitric  acid  are  mixed  with  the  substance  in  a  test 
tube,  and  then  sulphuric  acid  cautiously  added,  so  as  to  form  a 
layer  at  the  bottom,  at  the  junction  of  the  liquids  a  red  zone, 
jMissing  into  yellow,  is  seen. 

A  solution  of  brucine  is  also  coloured  red  by  chlorine  gai^ 
ammonia  changing  the  colour  into  yellow. 

§  49.  Fatal  Dots  of  Brucine.— There  lias  been  some  confasion 
relative  to  the  qnantity  of  brucine  required  to  produce  fatal  results, 
owing,  probably,  to  the  alkaloid  having  been  contaminated  with 
Btryclinine,  or  otherwise  rendered  impure.  PeUetier  considered 
it,  in  comparison  with  strychnine,  10  times,  Majendie,  12  times, 
and  Andral  34  times  weaker ;  it  is,  however,  now  held  to 
be,  when  perfectly  pure,  about  fi-om  6  to  7  times  weaker  than 
strychnine.  The  experiments  of  Abeo  and  Falcke  have  also 
shown  that  much  dejiends  not  only  on  attendant  circumstances, 
but  also  on  the  form  in  which  it  is  ad  ministered  ^-whether  as  ao 
alkaloid,  or  combined  with  citric  or  acetic  acid,  &c.* 

In  regard  to  the  separation  of  brucinc  from  organic  fluids  or 
*  Abe'e :  Experimentale  Untersucliuugea  iiber  den  Einflnss  des  Brncioi 
■of  die  ThietiKhe  Organiuttiau.     Marburg,  18G1. 
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tissues,  the  process  already  detailed  for  strjchnine  suffices.  It  is 
of  very  great  importance  to  ascertain  whether  both  strychnine 
and  brucine  are  present  or  not — the  presence  of  both  pointing  to 
nux  vomica  or  one  of  its  preparations.  The  presence  of  brucine 
may,  of  course,  be  owing  to  impure  strychnine  ;  but  if  found  in 
the  tissues,  that  solution  of  the  question  is  improbable,  the  com- 
mercial strychnine  of  the  present  day  being  usually  pure,  or  at 
the  most  containing  so  small  a  quantity  of  brucine  as  would 
hardly  be  separated  from  the  tissues. 

§  50.  Igasurin  is  an  alkaloid  as  yet  but  little  studied ;  it 
appears  that  it  can  be  obtained  from  the  boiling-hot  watery 
extract  of  nux  vomica  seeds,  through  precipitating  the  strych- 
nine and  brucine  by  lime,  and  evaporation  of  the  filtrate. 
According  to  Desnoix*  it  forms  white  crystals  containing  10  per 
cent,  of  water  of  crystallisation. 

It  is  said  to  be  poisonous,  its  action  being  similar  to  that  of 
strychnine  and  brucine,  and  in  activity  standing  midway  between 
the  two. 

§  51.  Stri/chnic  Acid. — Pelletier  and  Caventou  obtained  by 
boiling  with  spirit  small,  hard,  warty  crystals  of  an  organic 
acid,  from  S.  JgruUiita,  as  well  as  from  nux  vomica  seeds.  The 
seeds  were  first  exhausted  by  ether,  the  alcohol  solution  was 
filtered  and  evaporated,  and  the  extract  treated  with  water  and 
magnesia,  filtered,  and  the  residue  first  washed  with  cold  water, 
then  with  hot  spirit,  and  boiled  lastly  with  a  considerable  quan- 
tity of  water.  The  solution  thus  obtained  was  precipitated 
with  acetate  of  lead,  the  lead  thrown  out  by  SHg,  and  the  solu- 
tion evaporated,  the  acid  crystallising  out.  It  is  a  substance 
as  yet  imperfectly  studied,  and  probably  identical  with  malic 
add. 

§  52.  PJiarmaceutical  and  other  Preparations  of  Nux  Vomica 
and  Strychnine f  with  Sv^geations  for  their  Valuation. 

An  aqueous  extract  of  nux  vomica,  officinal  in  the  German 
pharmacopeia,  appears  to  contain  principally  brucine,  with  a 
small  percentage  of  strychnine ;  the  proportion  of  brucine  to 
strychnine  being  about  four-fifths  to  one-fifbh.  Blossfield  found 
in  a  sample  4*3  per  cent,  of  total  alkaloid,  and  two  samples 
examined  by  Grundmann  consisted  of  (No.  1)  strychnine,  0*6 
per  cent.,  brucine  2*58  per  cent.,  total,  3-18  per  cent.;  (No.  2), 
strychnine,  0*68  per  cent.,  brucine,  2*62  per  cent.,  total,  3*3  per 
eent.  A  sample  examined  by  Dragendorflf  yielded,  strychnine 
O'S  per  cent.,  brucine  3*2  per  cent.,  total  '4  per  cent. 

The  spirituous  extract  of  nux  vomica,  officinal  in  the  British 
and  all  the  Continental  pharmacopeias,  difiers  from  the  aqueous 

•  Desnoix,  Journ.  Pharm.  (3),  xxv.  202. 


totiil  .ilkal.>ias.  Diagendorlf  i 
cent,  and  -iH  per  cent,  of  toti 
was  atryclinme. 

Analyna. — Either  of  the  exl 
Louts  on  the  water-bath,  with 
acid,  filtered,  the  residue  well 
up  with  benzine  to  separate  im 
benzine,  alkaliaed  with  ammon: 
times  with  chloroform ;  the  chk 
tftred  vessel,  and  the  total  alk 
before  stated,  may  be  separated 
latter  out  with  absolute  alcoho 
precisely  similar  principles,  the  i 
tion,  and  the  residue  treated  by 

The  nox  vomica  powder  iUe 
16  to  20  grms.,  pulverised  as  fine 
times  wiOi  150  to  300  cc.  of  wab 
well  boiled,  and  after  each  boiling 
The  last  exhaustion  must  be  de 
united  filtrates  are  then  evaporal 
syrup,  Avhich  is  treated  with  an 
tralise  the  acid.  The  extract  is  i 
boiling  alcohol  of  90  per  cent. ;  t 
is  evaporated  nearly  to  drynese 
■water:  thi«  i""''   '•->'■■•= —  -     "■ 
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dorff*  finding  1*187  per  cent,  strychnine,  and  1'145  per  cent. 
brucine.t 

The  verminrkillers  in  use  in  this  country  are  :  Miller^  s  rat- 
powder,  Battle's  vermin-killer,  and  Butler's  vermin-killer. 

Miller's  rat-powder  consists  of  1  oz.  of  nux  vomica,  and  1  lb.  of 
oatmeal,  t.^.,  about  5*8  per  cent,  of  nux  vomica.  Since  the 
average  amount  of  strychnine  in  nux  vomica  is  "4  per  cent.,  and 
bmcine  three  times  that  quantity,  viz.,  1*2  per  cent.,  the  proba- 
bility is  that  this  powder  contains  about  '023  per  cent,  strych- 
nine and  '067  per  cent,  brucine.  , 

Battle's  vermin-killer  (according  to  an  analysis  by  Tardieu) 
contains  the  following  in  each  packet. 

Strychnine, 0*10 

Potato  Starch, 1-00 

Prussian  Blue, 020 


1*30  grms. 

In  other  words,  each  packet  weighs  19  grains  (or  nearly  a  scruple), 
and  contains  about  1^  grain  of  strychnine,  or  about  7*7  per 
cent. 

Butler's  vermin-killer  is  a  mixture  of  flour,  soot,  and  strych- 
nine, but  sometimes  Prussian  blue  is  substituted  for  soot.  It  is 
sold  in  threepenny  and  sixpenny  packets.  The  latter  Taylor 
found  to  weigh  a  drachm  (3*8  grms.),  and  to  contain  from  2  to  3 
grains  ('13  to  '19  grm.)  of  strychnine;  the  threepenny  packet 
about  half  this  quantity. 

The  amount  of  strychnine  and  brucine  in  Miller's  rat-powder 
is  valued  exactly  as  in  the  case  of  nux  vomica  powder. 

Battle's  or  Butler's  vermin-powder  merely  requires  exhaustion 
by  benzole  or  chloroform ;  if  not  pure,  purification  is  easy  on 
well  known  principles. 

*  Bragendorff,  ' '  Die  Chemische  Werthbestimmung  einiger  Starkwirkenden 
Drogman."    St  Petersburg,  1874. 

'Y  Thete  details  are  venr  necessary,  as  bearing  on  the  question  of  the  fatal 
dote  of  nux  vomica,  which  Taylor  tells  ns  {Med.  Jurisprud.,  I.  409)  was  of 
some  importance  in  Beg.  y.  HVen,  in  which  47  grains  were  attempted  to  be 
given  in  milk.  The  fatal  dose  of  nnx  vomica  must  be  ruled  by  its  alkaloidal 
oontent,  whic^  may  be  so  low  as  1  per  cent.,  and  as  high  as  nearly  3  per  cent. 
90  gnana  have  proved  fatal  {Taylor) ;  if  the  powder  m  this  instance  was  of 
the  ordinary  strength,  the  person  died  from  less  than  a  grain  ("0648  grm.) 
<if  the  united  alkabids. 
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IV.— BELLADONNA.  m 

^  53.  The  Atropa  belladmvua,  or  deadly  aightehade,  is   indt' 
gonoiis,  and  maj  be  found  iu  some  parts  of  Engliud,  although  it 
cannot  he  Bnid  to  be  very  common-     It  belonga  to  the  Sofanaeea, 
and  is  a  herbaceous  plant,  with  broadly  ovate  entire  leaves,  and 
lurid-purple   axillary  flowers  on  short  stalks ;  the  berries  am 
violet-black,  and  the  whole  of  the  plant  is  highly  poisonoiu. 
The  juice  of  the  leaves  stain  paper  a  purple  colour.     The  seectal 
are  very  small,  kidney-ahaped,  weighing  about  90  to  tho  grain  (,] 
they  are  covered  closely  with  small,  round  projections,  and  an    ' 
easily  idontihed  by  an  expert,  who  may  be  supposed  to  Lave  at 
hand  (as  is  most  essential)  samples  of  different  poisonous  seeds 
for  comparison.     Tho  nightshiulc  owes  its  poisonous  propei'ties 
to  atropine. 

§51,  .a(rojoi;M!(Z»ai«ri«e),C,^H™NOg.~This important alkalMd 
has  been  found  in  all  parts  of  the  Atropa  betlationna,  or  deadly 
nightshade,  in  the  Datura  etramonium,  and  in  the  seeds  of  tho 
Datum  arljorea.  It  |ii'obtilj]y  exists  in  ill!  the  species  of  Datura. 
The  yield  of  the  diH'erent  parts  of  belladonna,  according  to 
Gunther/  is  as  follows : — 


Qnmltty  ot  AlksloM-   in  the 
FreBh  SubslaDce.  par  ceol. 

Qunllty  ot  Alkaloid!   in  Uw 
Drj  SutMUuce,  per  taut. 

W<.|ghlng, 

t"''  a' 

,'SJU 

t!S.£.. 

Leaves,      .         . 

Stalk, 
Ripe  fruit. 
Seed. 

Unripe  fruit,      - 
Root,          .         . 

0-2022 
0W22 
0-2123 
0-2667G 
0'1870 
00702 

0-20072 
0-20258 
0-1930 

0-838 
0-14l> 
0-821 
0-407 
0-955 
0-210 

0-828 
0-805 
0-955 

Atropine  appears  to  exist  in  the  plant  in  combination  with  malic 
acid.  Another  alkaloid  has  been  described,  Belladonin;  but  this 
is  probably  only  a  product  of  the  decoDi position  of  atropine,  and 
Las  not  yet  been  sufBciently  studied. 

•  Pharm.  Zeiitchr./.  Rtutl,  Feb.,  1869.  Dr^^endorff,  "Die  Chanwche 
WerthbeatiniiuuDg  einiger  Starkvirkendeu  Drogaen."   St.  Fotertburg,  1ST4. 
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Atropine  forms  colourless  crystals  (mostly  in  groups  or  tufts 
of  needles  and  prisms),  which  are  heavier  than  water,  and  possess 
no  smell,  but  an  unpleasant,  long-enduring,  bitter  taste.  Accord- 
ing to  actual  experiments,  it  melts  about  97°C.  (other  chemists 
give  90^) ;  it  is  also  said  to  sublime  scantily  in  a  crystalline  form, 
but  the  writer  has  been  unable  to  obtain  any  crystals  by  sub- 
limation; about  123°C.  faint  mists  collect  on  the  upper  disc^ 
but  they  are  perfectly  amorphous.* 

Its  reaction  is  alkaline ;  one  part  requires,  of  cold  water,  300; 
of  boiling,  58;  of  ether,  30;  of  benzole,  40;  and  of  chloroform, 
3  parts  for  solution.  In  alcohol  and  amyl  alcohol  it  dissolves  in 
almost  every  proportion.  It  turns  the  plane  of  polarisation 
weakly  to  the  left. 

Atropine  mixed  with  nitric  acid  exhibits  no  change  of  colour. 
The  same  is  the  case  with  concentrated  sulphuric  acid  in  the 
cold ;  but  on  heating,  there  ensues  the  common  browning,  with 
development  of  a  peculiar  odour,  likened  by  Gulielmo  to  orange 
flowers,  by  Dragendoi-ff  to  the  flowers  of  the  Prunua  paduSy 
and  by  Otto  to  the  Spircea  ulmaria — a  sufficient  evidence  of  the 
untrustworthiness  of  this  as  a  distinctive  test.  The  odour, 
indeed,  with  small  quantities,  is  certainly  not  powerful,  nor  is  it 
strongly  suggestive  of  any  of  the  plants  mentioned.  A  far  more 
decided  odour  is  given  off  if  a  speck  of  atropine  is  evaporated  to 
dryness  with  a  few  drops  of  strong  solution  of  baryta,  and  heated 
strongly ;  the  scent  is  decidedly  analogous  to  that  of  hawthorn- 
blossom,  and  unmistakably  agreeable. 

By  the  action  of  fuming  hydrochloric  acid,  or  that  of  caustic 
alkalies,  atropine  is  decomposed  into  tropine  (CgH^NO)  and 
tropic  acid  (CgH^QOg).!  Tropine  is  a  white,  crystafline,  strongly 
alkaline  mass,  melting  at  GO'^C,  and  volatilising  at  230°C.  unde- 
composed.  It  is  soluble  in  water,  alcohol,  and  ether,  and  gives 
precipitates  with  tannic  acid,  iodised  hydriodic  acid,  Mayer's 
reagent,  gold  chloride,  and  mercuric  chloride.;];  Atropic  acid 
(CqHjOj)  and  isatropic  acid  (CgHgOg)  may  also  be  obtained  by 
the  action  of  hydrochloric  acid ;  the  first,  in  radiating  crystals, 
melting  at  106*5*',  and  capable  of  distillation ;  the  second,  in  thin 
rhombic  plates,  melting  about  200°C.,  and  not  volatile. 

The  precipitate  which  atropine  gives  with  chloride  of  gold  in 
hydrochloric  acid  solution  assumes  the  form  of  foliated  groups;  its 
composition  is  C2YH23NO3HCIAUCI3.  Carbazotic  acid  also  gives 
a  precipitate  of  beautiful  plates,  but  neither  of  these  can  be  said 

*  Doubtless  crystals  conld  be  obtained  by  sublimation  in  vacuo. 
f  The  reaction  may  be  represented  thus,  Ci7H23N03  +  H20aC8Hi5NO 
+CfHioOf. 
X  Selmi,  /ount.  Chem,  Soc,,  I.,  1877,  91 
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to  be  eliaraotenBtio  or  decisive  of  atropine.     The  most  relia 
teat  is  the  peculinr  odour  with  baiyta  before-mentioD^d,  kcM 
the  phyBiologieal  action  on  the  pupil  of  the  eye,  a  Bolution  4 
atropine,  even  ■when  so  weak  as  1  ;  130000,  diUting  thn  irii 
This  action  on  the  iria  h&s  been  studied  by  Ruytor,*  Donden; 
and  Von  Graefe.f    It  is  entirely  a  local  action,  taking  effMit 
when  in  dilute  solution  only  on  the  eye  to  which  it  Lits  b«Mi 
applied ;  nnd  it  haa  been  produced  on  tlie  eyes  of  frogs,  not  only 
in  the  living  aubject,  but  after  the  head  has  been  severed  fVoin  J 
the  body  and  deprived  of  brain.     The  thinner  the  cornea,  tl 
quicker  the  dilatation ;  therefore,  the  yotinger  the  person  t 
animal,  the  more   suitable  for  expei'iment.     In  froga,  with  t 
solution  of  1 :  250,  dilatation  commences  in  about  five  iniiiBtMfl 
in  pigeon!),  seven  minutes ;   and  in  kittens,  ten  minut«fi. 
man,  a  solution  of  1 :  120  commences  to  a«t  in  about  six  to  scvii 
minutes,  reaches  its  higheat  point  in  from  ten  to  fifteen  n 
and  pcrsiats  more  or  leas  for  ais  to  eight  days.     A  solution  d 
1  ;  4S0  acta  firat  in  6fteen  to  twenty  minutes,  and  reaches  ill 
greatest  point  in  twenty  miuutfs  ;  a  solution  of  1  ■  4!*000  requirer"" 
from  three-quarters  of  nn  hour  to  an  hour  to  show  its   effect 
■    Dogs  and  cats  are  far  more  sensible  to  its  influence  than  man, 
and    therefore    more   suitiible    for   experiment.      If   the    expert 
chooses,  he  may  essay  the  proof  upon  himself,  controlling  the 
dilatation  by  Calabar  bean  ;  but  it  is  seldom  necessary  or  advis- 
able to  make  peraonal  trials  of  this  nature. 

5  55.  Pharmaceutieal  Preparations. —It  would  appear  that  most 
of  the  pharmaceutical  preparations  can  be  titrated  by  adding 
Mayer's  reagent  (diluted  one-half)  to  an  acid  aqueous  solution  <rf 
the  active  principle,  each  ce.  being  equal  to  6-25  mgrms.  of 
atropine,  when  a  sohition  of  the  approximate  strength  of  1  :BO0 
is  operated  upon.  Or  the  alkaloid  may  lie  precipitated  by  the 
undiluted  Mayer's  reagent,  the  precipitate  collected  on  a  filter, 
washed  with  water,  and  dissolved  in  alcohol  of  90  to  95  per  cent. 
The  alcoholic  solution  ia  then  evaporated  and  weighed ;  it  con- 
tains 44'9  per  cent,  of  atropine, J  The  various  pharmacentical 
preparations  are — The  leavea,  root,  extract  of  tlie  leaves,  an  oint- 
ment and  a  plaster  made  with  the  extract,  a  tincture  of  the 
leaves,  a  liniment  (which  is  practically  a  tincture  of  the  root, 
flavoured  with  camphor),  atropine  itself,  a  weak  alcoholic  solntion 
of  atropine  {'SS  per  cent.),  an  ointment  of  atropine  (1'66  per  cent), 
the  sulphat«  of  atropine,  and,  lastly,  a  solution  of  8ulphat«  of 
atropine  (83  per  cent.) 

*  Dr,  Knyter— "De  BctioDe  atropie  Belkdonnc  in  iridem.*'  Trtd.  td 
Rhen,  1852. 


+  Von  Onefe,  Arch.  Optkal., 
t  Dragendorn,  op  dl. 
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$  56.  FoJUjI  Dose, — The  exact  quantity  which  may  cause  death,  • 
it  is  impossible  to  state  with  precision,  atropine  being  one  of 
those  substances  whose  effect,  varying  in  different  cases,  seems 
to  depend  on  special  constitutional  tendencies,  or  idiosyncracies, 
of  the  individual.  Some  persons  take  a  comparatively  large 
amount  with  impunity,  while  others  scarcely  bear  a  very 
moderate  dose  without  exhibiting  unpleasant  symptoms.  Eight 
mgrms.  (J  grain)  have  been  known  to  produce  poisonous  symp- 
toms; and  '129  grm.  (2  grains),  death;  we  may  therefore  infer 
that  about  *0648  grm.  (1  grain)  would,  unchecked  by  remedies, 
probably  act  fatally.  Different  animals  show  various  degrees  of 
susceptibility  to  the  drug.  Cats  suffer,  but  generally  recover, 
from  subcutaneous  administration  in  quantities  of  6  grms.  (9*0 
grains)  of  the  sulphate ;  and  rats,  guinea-pigs,  and  hedgehogs, 
bear  equally  large  doses. 

Atropine  is  used  in  veterinary  practice,  from  32*4  to  64-8 
mgrms.  [}  to  1  grain]  and  more  being  injected  subcutaneously,  but 
the  extent  to  whicn  this  may  be  done  with  safety  is  not  yet 
established. 

§57.  Separation  of  Atropine  from  Organic  Tisstiea,  &c 

From  the  contents  of  the  stomach  atropine  may  be  separated 
by  acidulating  strongly  with  sulphuric  acid  (15  to  20  cc.  of  dilute 
H2SO4  to  100  cc),  digesting  for  some  time  at  a  temperature  not 
exceeding  70°C.,  and  then  reducing  any  solid  matter  to  a  pulp  by 
Motion,  and  filtering,  which  can  generally  be  effected  by  the 
aid  of  a  filter-pump.     The  liver,  muscles,*  and  Coagulated  blood, 
dra,  may  also  be  treated  in  a  precisely  similar  way.     The  acid 
liquid    thus  obtained   is  first,   to  remove    impurities,   shaken 
up  with  amyl  alcohol,  and  after  the  separation  of  the  latter  in 
the  usual  manner,  it  is  agitated  with  chloroform,  which  will 
take  up  any  of  the  remaining  amyl  alcohol,!  and  also  serve 
to   punfy  nirther.      The    chloroform  is   then    removed    by   a 
pipette  (or  the  separating  flask  before  described),  and  the  fluid 
made  alkaline,  and  shaken  up  with  ether,  which  on  removal 
is  allowed  to  evaporate  spontaneously.      The  residue  will  bo 
found  to  contain  atropine,  if  present,  and,  possibly,  sulphate 
of  ammonia.      If  the   latter  is  suspected,  the  residue    should 
be  treated  with  absolute  alcohol,  in  which  ammonia  sulphate- 
is  insoluble. 

*  Keiiher  amyl  alcohol  nor  chloroform  removes  atropine  from  an  ctcid' 
solution. 

f  Atoopine  goes  into  the  blood,  and  appears  to  be  present  m  the  different 
organa  in  direct  proportion  to  the  Quantity  of  blood  they  contain.  Dragen- 
dmi  has  fonnd  in  the  muscles  of  rabbits  fed  upon  belladonna  suificient  atro- 
pine for  quantitative  estimation. 

T 
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From  the  nrme»  fiti'0|.mp  may  be  exlra«Ud  1>y&uiltfyin£  witli 
lulpliurlcaciU,  ntiil  agitation  with  the  aamo  ticnes  ofiwlveuta. 


V,-HE»BA&*E. 

§  58.  The  seeds,  tlie  leaves,  and  the  root  of  the  //yui-^amt 
niyw,  ns  Viell  as  tlioae  of  the  Ifgoteyamm  alia,  all  rfiubuu  a  very 
poirorfii]  alkaloii],  ht/oieynmine. 

HifOicf/ami'ie,   s.%    se|)iiralt<il  in    tlic  ooiii-ho  of  aunljrsdv  is  « 
'resinoid,  sticky,  amor]i)inus  mus,  difficiiH  to  di-y,  anil  nossesuns 
a  tobacco-like  odour.      It  can,  howcTpr,  he  ohtaiunl  in  welf 
marked  odourless  crystals,  wUieh  melt  At  DO'C.  a  {wtrtion  tab- 
liming  imchftuged.   According  to  Thm'r(iy,t  hyoecyamtui--  rrvKul- 
liaes  out   of  chloroform  in  rbamhic  tnblos,  unci  out  of  hvaiaii' 
in  fine  needles  ;  Lut  out  of  ether  or  amyl  nlcohal  it    rrisaica 
timorpbous.     When  jieifectly  pure,  it  dissolves  mill  dilBcvlty 
in  cold,  but  more  readily  in  hot,  water  ;  if  itnpure,  it  U  hjifn- 
licopic,  and  its  Holubility  is  much  increased.     In  nay  c*^- 
ditujolves  easily  in  utoohol,  ethor,  chloroform,  nniyl  nlnihol,  I  ■ 
zole,  and  dilute  acids.     HyoBoyamine  neutntliaes  acicb  Fully,  s: 
forms  erystallisable  ealta,  which  aesnuie  for  the  most  pari  ::< 
form  of  fine  needles. 

§  59.  I'hamiaceutieaf  and  other  Pnjximtions  of  Iftulitm. — Ti 
leavcg  are  abne  officinal  inth^  EuroDeuiinharmacuDeiiu:biii  il 
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llie  alkaloid  only  slightly  impure,  and  after  waiiliing  witli  AiB- 
tilled  water,  if  dissolved  in  dilut«  sulphuric  aciJ,  a  cryBtallina 
Bul]>1inte  nmy  be  readily  obtained. 

A  tmcture  and  an  extract  of  henbaiic  lettves  are  officiital  Id 
moat  pharmacppeiiis ;  an  extinct  of  the  Beeds  in  that  of  France. 

An  oil  of  hyoncyaimts  is  officiua.1  ill  all  the  Coutineiital  jihar- 
macopeifla,  but  uot  in  the  British. 

An  ointment,  made  of  one  part  of  the  extiiict  to  nine  of  simpla 
ointment,  is  officinal  in  the  German. 

The  tincture  (after  distilling  off  the  spirit)  and  the  extracts 
(on  proper  solution)  may  bo  conveniently  titrated  by  Mayer's 
reagent  (p.  288),  which,  for  this  purpose,  should  be  diluted  one- 
half;  caoli  cc.  then,  according  to  Dragendorff,  equalling  G'Od 
njgrma.  of  hyoscyamine.  Kruse  found  OfliS  jier  cent,  of  hyoscy- 
aminc  in  a  HusHian  tincture,  and  '38  per  cent,  in  e.  Russian' 
extract.  Any  preparation  made  with  extract  of  henbane  will  \» 
found  to  contain  nitrat«  of  potash,  for  Attfield  has  shown  tlM 
extract  to  be  rich  in  this  substanoe.  The  ointment  will  reqnin' 
extraction  of  the  fat  by  petroleum  ether  ;  this  acoomplitdied,  th»- 
determination  of  its  strength  is  eusy. 

Tkii  oil  of  hT/oscyamus  ia  poisonous,  and  contains  the  alkaloid. 
An  exact  quantitative  research  is  difficult ;  but  if  20  gmis.  of 
the  oil  are  shaken  up  for  some  time  with  water  acidified  by  sul- 
phuric aciJ,  the  fluid  separated  from  the  oil,  made  alkaline, 
shaken  up  with  ciiloi-oform,  and  the  latter  removed  and  eva- 
porated,  sufficient  will  be  obtained  to  test  successfully  for  the 
presence  of  tlie  alkaloid,  hy  its  action  on  the  pupil  of  the  eye. 

§  GO.  Doae.—-QGQ  gnn.  (^'^  grain)  is  the  (itmost  dose  of  hyos- 
cyamine which  can  be  given  with  safety  to  an  adult ;  and  even 
this  quantity,  according  to  SchrolF,  in  the  case  of  a  young  man 
Buffering  from  chronic  bronchitis,  threw  the  patient  into  a  deep 
sleep,  with  hallucinations  on  awakening,  dryness  of  tbe  throat, 
dilated  pupils,  frequency  of  the  pulse,  ic.  A  poisonous  dose 
would  probably  be  half  a  grain  ;  a  fatal  doso  a  grain. 

§61.  Separation  of  llyoeeyamine  from  Organic  J/a«er«.— The 
isolation  of  the  alkaloid  from  organic  tissues  or  fluids,  in  cases 
where  a  medical  preparation  of  henbane,  or  of  the  leaves,  root, 
k.c.,  has  been  taken,  is  possible,  and  should  be  carried  out  on  the 
principles  already  detailed  (pp.  265-280),  Hyoscyamine  is  mainly 
identified  by  its  power  of  dilating  the  pupil  of  the  eye.  It  ia  said 
that  so  small  a  quantity  as  -0083  mgrm.  {-jJists  grain)  will  in  fifteen 
minutes  dilate  the  eye  of  a  kitten.  It  is  true  that  atropine 
also  dilates  the  pupil ;  but  if  sufficient  of  the  substance  should 
have  been  isolated  to  apply  other  tests,  it  can  be  distinguished 
from  atropine  by  the  fact  that  the  latter  gives  no  precipitate  with 
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platinic  chloride,  whilst  hyoscjamine  is  precipitated  by  a  small 
quantity  of  platinic  chloride,  and  dissolved  by  a  larger  amount. 
Hyoscyamine  gives  precipitates  with  tincture  of  iodine,  chlo- 
ride of  gold,  and  most  of  the  common  alkaloidal  reagents, 
but  exhibits  no  peculiar  reaction.  The  observation  of  Ellet- 
zinsky,*  that  the  action  of  soda-lye  changes  hyoscyamine  into 
ammonia  and  santonin  might,  if  correct,  probably  be  utilised  in 
identifying  the  alkaloid. 


VL— CONIUM  (HEMLOCK). 

§  62.  The  Gonium  maculcUum,  or  spotted  hemlock,  is  a  rather 
common  umbelliferous  plant,  growing  in  waste  places,  and 
flowering  from  about  the  beginning  of  June  to  August.  The 
stem  is  from  three  to  five  feet  high,  smooth,  branched,  and 
spotted  with  purple ;  the  leaflets  of  the  partial  involucres  are 
unilateral,  ovate,  lanceolate,  with  an  attenuate  point  shorter  than 
the  umbels;  the  seeds  are  destitute  of  vittce,  and  have  five 
prominent  crenate  wavy  ridges.  The  whole  plant  is  foetid  and 
poisonous.  Conium  owes  its  active  properties  to  a  volatile 
liquid  alkaloid,  Coniine,  united  with  a  crystalline  alkaloid, 
Vanhydrine, 

§  63.  Coniine,  conia,  conicine  (CgHirN) — specific  gravity  0'878 
to  0*89,  boiling  point  163-5*'C. — is  a  clear  oily  fluid,  possessing  a 
peculiarly  unpleasant,  mousey  odour.  One  part  is  soluble  in  100 
parts  of  water,  in  six  parts  of  ether,  and  in  almost  all  propor- 
tions of  amyl  alcohol,  chloroform,  and  benzine.  It  readily  vola- 
tilises, and,  provided  air  is  excluded,  may  be  distilled  unchanged. 
It  ignites  readily,  and  burns  with  a  smoky  flame.  It  acts  as  a 
strong  base,  precipitating  the  oxides  of  metals  and  alkaline  earths 
from  their  solutions,  and  it  coagulates  albumen.  Coniine  forms 
salts  with  hydrochloric  acid  (CgHigN.HCL),  phosphoric  acid, 
iodic  acid,  and  oxalic  acid,  which  are  in  well-marked  crystals. 
The  sulphate,  nitrate,  acetate,  and  tartrate  are,  on  the  other 
hand,  non-crystalline. 

If  coniine  is  oxidised  with  nitric  acid,  or  bichromate  of  potash, 
and  diluted  sulphuric  acid,  butyric  acid  is  formed ;  and  since  the 
latter  has  an  unmistakable  odour,  and  other  characteristic  pro- 
perties, it  has  been  proposed  as  a  test  for  coniine.  This  may  bt^ 
conveniently  performed  thus, — A  crystal  of  potassic  bichromate  is 
put  at  the  bottom  of  a  test-tube,  and  some  diluted  sulphuric  acid 

♦  Schwek,  Wochermhr,  Pharm,,  1866,  85. 
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ivitb  B  drop  of  tho  aiipposed  coBuns  ntlded  ;  on  h«atmx,  Ui« 
butyric  acid  reveals  itself  l>y  its  odour,  and  c&n  be  di^tUUi-d  into 
baryta  water,  the  bulyrat«  of  bttrytn  beiug  eubflequoutly  ae- 
rated in  the  usual  way,  and  deooTDposed  by  sulphuric  acid,  .kc. 

Another  test  for  coniine  is  tbe  foUowiug : — If  drop]>ed  into  « 
solution  of  alloxan,  the  latter  is  coIoiiTeil  al\er  »  fow  mintitf^ 
on  intense  purple-red,  and  white  needle^hftped  crystals  tn 
separated,  which  dissolve  in  cold  potaah-lye  into  a  be«Htiful 
purpte-blue,  and  emit  an  odour  of  the  base.*  Dry  hydrochloric 
acid  gives  a  purple-red,  then  an  indigo-bluc  colour  with  ooiiiiDO ; 
but  if  the  acid  is  not  dry,  there  U  formed  r  bluish-grcon  c7T>t«i- 
line  mass.  This  test,  however,  ia  of  little  Talue  U>  tbc'toxi- 
cologist,  the  pure  substance  alone  responding  witli  any  definite 

The  ordinaiy  precipitating  agents,  according  to  Diagtnil-'«rtT. 
act  as  follows  : — 

Fotass.  bismuth  iodide. 

1  :  2000,  a  stroin;  orange  precipitate^ 

1  ;  3000.     Tbe  drop  of  the  reagent  is  surrounded  wiUi  . 

muddy  border. 
1  :  4000.     TIte  drop  of  tho  roogeot  ix  iHirronndrd  wiii^_ 

muddy  border.  ^^t 

I  :  60UU,  still  perceptible.  ^1 

T  ;  finOO.      ThA  Inst.  HlnttaT  tJiAFwutiflfi.  ^^H 
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with  methyl  iodide,  treating  the  mixture  with  soda-lye,  and  dis- 
tilling. It  is  veiy  similar  to  coniine  in  appearance ;  and  Drs. 
Cmm  Brown  and  Fraser  have  established  the  fact  that  its  toxic 
action  is  both  qualitatively  and  quantitatively  equal  to  that  of 
coniine.  Ethyl  coniine  and  methyl  coniine  are  also  similar  in 
action  to  coniine. 

§  64.  Conltydrine  (CgHi^NO)  is  frequently  present  in  coniine, 
from  which  it  may  be  separated  by  cooling  down  to  5^C.,  filter- 
ing through  glass  wool,  and  purifying  the  crystals  on  the  filter 
by  petroleum  ether,  in  which  fluid  conhydrine  does  not  readily 
dissolve.  Conhydrine  forms  colourless  glittering  crystals,  which 
melt  about  120-6°C.,  the  resulting  fluid  boiling  at  226-3°C. ;  at 
higher  temperatures  it  volatilises  without  residue.  It  dissolves 
somewhat  in  water,  and  easily  in  alcohol  and  ether ;  the  solution 
is  strongly  alkaline. 

Conhydrine  is  a  poison  similar  to,  but  not  quite  so  powerful 
as,  coniine.  It  has  little  medico -legal  interest.  Wertheim's 
experiments  appear  to  show  that  for  eveiy  100  of  coniine, 
hemlock  only  contains  5*7  of  conhydrine. 

§  65.  P/iarmaceiUical  Preparations. — The  percentage  of  coniine 
in  the  plant  itself,  and  in  pharmaceutical  preparations,  can  be 
approximately  determined  by  distilling  the  coniine  over,  in  a 
partial  vacuum,*  and  titrating  the  distillate  with  Mayer's  reagent, 
each  cc.  =  about  -0125  grm.  of  coniine.  It  appears  to  be  necessary 
to  add  powdered  chloride  of  potash  and  a  small  quantity  of 
diluted  sulphuric  acid  before  titrating,  or  the  precipitate  does 
not  separate.  In  any  case  the  end  of  the  reaction  is  difficult 
to  observe,  f 

The  fresh  plant  is  said  to  contain  from  about  '04  to  '09  per 
cent.,  and  the  fruit  about  7  per  cent,  of  coniine. 

The  officinal  preparations  are — the  leaves,  the  fruit,  a  tincture 
of  the  fruit,  an  extract  of  the  leaves,  the  juice  of  the  leaves 
{Succus  conii),  a  compound  hemlock  pill  (composed  of  extract  of 
hemlock,  ipecacuanha,  and  treacle),  an  inhalation  of  coniine 
(  Vapor  conii)f  and  a  poultice  {Catajda^yna  conii)  made  with  the 
leaves. 

§  66.  Separation  of  Coniine  from  Organic  Matters  or  Tissues. — 
The  substances  are  digested  with  water,  acidulated  with  HLSO^ 
at  a  temperature  not  exceeding  40®C.,  and  then  filtered.     If  the 

*  This  is  easily  effected  by  uniting  a  flask  containing  the  alkaloid  fluid, 
air-tight,  uith  a  Liebig's  condenser  and  a  receiver,  the  latter  being  connected 
with  Bonsen^s  waterymmp.  or  one  of  the  numerous  exhausting  apparatuses 
now  in  use  in  every  laboratory. 

t  DragendorfiE^  **Die  Chemische  Werthbestimmung  einiger  Starkwiiken- 
'den  Droguen."    St  Petcrsb.,  1S74. 
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filtrate  should  be  excessive,  it  must  be  concentrnted  ;  atcolial  is 
then  added,  the  liquid  rofiltered,  and  irom.  the  filtrate  tli» 
alcohol  separated  by  dist illation. 

Ou  cuoliiLg,  the  acid  fluid  is  agitated  with  beninae,  and  the 
JtiltPr  Rejjarated  in  the  usual  way.  The  fluid  is  now  alkaliaei 
witli  iimmouia,  and  shaken  up  onoe  or  twice  with  its  own  toIusiv  ' 
of  {)t:lroleum  ether ;  the  latter  ia  separated  and  washed  with 
distilled  water,  and  the  alkaloid  is  obtaiued  almost  pure.  If 
the  petroleum  ether  leaves  no  residue,  it  is  certain  that  ika- 
alkaloid  was  not  present  in  the  contents  of  the  stomach  Mr ' 
intestine. 

The  ftfiinity  of  coniino  with  ether  or  cUoroforra  is  buc1>.  that 
its  solution  in  either  of  theso  fluids,  passed  through  a  dfy  filter, 
scarcely  retaius  a  drop  of  water.  In  this  wny  it  may  be  con- 
veuic-utly  purified,  the  impurities  dissolved  by  water  remainiitg 
behiud- 

In  searching  for  coniino,  the  stomaob,  intestines,  blood,  urin^ 
liver,  and  lungs,  itre  the  parts  which  sliould  be  exumoaA] 
According  to  Draijendorff',  it  has  Ix-en  dbcnvered  in  the  body  of 
a  cat  six  weeks  after  death. 

Fatal  Dose. — The  fatal  dose  of  cOniine  is  not  known  ;  in  the 
case  of  Louise  Berger,  10  to  15  drops  appear  to  have  can.sed 
death  in  a  few  niiiiutea.  The  auto-exjteriiuents  of  Dworiak, 
Heinrich,  and  Dillaberger,  would  indicate  that  one  drop  may 
cause  unpleasant  symptoms.  Albers,  in  the  treatment  of  a 
woman  sufiering  from  cancer  of  tlic  breast,  witnessed  conTulsions 
and  loss  of  consciousness  from  a  tliird  dose  of  4  mgrms.  (■07 
grain) ;  and  Eulenberg,  its  full  narcotic  effects  on  a  child  after 
s  injection  of  1  nigrm.  ('015  grain). 


VII.  TOBACCO.' 

§  C7.  The  various  species  of  tobacco  found  in  commerce  all 
contain  a  liquid,  volatile,  poisonous  alkaloid,  Nicotine,  probably 
united  in  the  plant  with  citric  and  malic  acids.  There  ia  also 
present  in  tobacco  an  unimportant  camphor,  nicotianin.  The 
general  composition  of  the  plant  may  bo  gathered  from  the 
following  table : — 
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F&ssH  Leaves  of  Tobacco  (Posselt  and  Reinmann). 

Kicotina, 0*060 

Concrete  volatile  oil,         ......  0-010 

Bitter  extractive, 2*870 

Gum  with  malate  of  lime, 1'740 

Chlorophyl, 0  267 

Albumen  and  gluten, 1  '308 

MaUcacid, 0*510 

Liffnine  and  a  trace  of  starch, 4*969 

SiJts  (sulphate,  nitrate,  and  malate  of  potash,  chloride  \ 

of  potassium,  phosphate  and  malate  of  lime,  and  >  0*734 

malate  of  ammonia, ) 

Silica, 0*088 

Water, 88*280 

100*836 

§]68.  QtMnHtative  Eatiniatum  of  Nicotine  in  Tobacco. — The  best 
process  (although  not  a  perfectly  accurate  one)  is  the  following : 
— 25  grms.  of  the  tobacco  are  mixed  with  milk  of  lime,  and 
allowed  to  stand  until  there  is  no  odour  of  ammonia;  the  mixture 
is  then  exhausted  by  petroleum  ether,  the  ether  shaken  up  with 
a  slight  excess  of  normal  sulphuric  acid,  and  titrated  back  by- 
baryta  water;  the  sulphate  of  baryta  may  be  collected  and 
weighed,  so  as  to  control  the  results  with  regard  to  the  per- 
centage of  nicotine  in  commercial  tobacco.  Kosutany  found 
from  1*686  to  3*738  per  cent,  in  dry  tobacco;  Letheby,  in  six 
samples,  from  1*5  to  3*2  percent.;  whilst  Schlossing  gives  for 
fiayanna  2  per  cent.,  Maryland  2*29  per  cent.,  Kentucky  6*09 
per  cent.,  Virginian  6*87  per  cent.,  and  for  French  tobacco, 
quantities  varying  from  3*21  to  7*96  per  cent.  Again,  Lenoble 
found  in  Paraguay  tobacco  from  1*8  to  6  per  cent.';  and  Wittstein, 
in  six  sorts  of  tobacco  in  Germany,  1*54  to  2*62  per  cent.  We 
are  thus  driven  to  the  conclusion  that  the  alkaloid  varies  within 
very  wide  limits,  although  it  is  quite  possible  that  the  processes 
of  extraction  and  estimation  by  these  various  observers  are  of 
unequal  value. 

§  69.  Nicotine  (CioHj^Ng),  when  pure,  is  an  oily,  colourless 
fluid,  of  1*027  specific  gravity  at  15^0.  It  evaporates  under 
100°C.  in  white  clouds,  and  boils  about  240°C.,  at  which  tem- 
perature it  partly  distils  over  unchanged,  and  is  partly  decom- 
posed, a  brown  resinous  product  remaining.  It  volatilises  with 
aqueous  and  amyl  alcohol  vapour  notably,  and  is  not  even  fixed 
at  —10^.  It  has  a  strong  alkaline  reaction,  and  rotates  a  ray  of 
polarised  light  to  the  left.  Its  odour,  especially  on  warming,  is 
strong  and  unpleasantly  like  tobacco,  and  it  has  a  sharp  caustic 
taste.  It  absorbs  water  exposed  to  the  air,  and  disaolv€i&  vol 
water  in  all  proportions,  partly  separating  from  sv\<Ai  ^^xsL^AftxiXyj 
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csiiiatic  alkalies.  Tlie  aqueous  solution  acts  in  many  res]>e«ta 
like  ammonia,  Baturating  acida  fully,  and  may  therefore  lie  in 
certain  cases  estimated  with  accuracy  by  titration,  49  parts  id 
tl.SO,  corrCBpondiug  to  126  of  nicotine. 

Alcohol  and  ether  diasolve  nicotine  in  every  proportion;  i! 
such  solutions  are  distilled,  nicotine  goes  over  tirst.  The  saltl 
which  it  forms  with  hydrochloric,  nitric,  and  phosphoric  acidt 
crystallise  with  difficulty;  tartaric  and  oxalic  acid  fgrm  whiM 
crystalline  salts,  and  the  latter,  oxalate  of  nicotine,  Li  soluble  in 
alcohol,  A  property  which  distingniflhes  it  from  the  oxalate  of 
ammonia.  The  oxalate  of  nicotine  is  the  best  salt  from  which  tc 
rcKcnerftt*  nicotine  in  a  pure  state. 

Hydrochlorate  of  nicotine  is  more  easily  volatilised  tl(9n  tht 
pure  base.  Nicotine  is  precipitated  by  alkalies,  itc,  also  bj 
many  oxyhydrates,  lead,  copper,  4c  By  the  action  of  light  S 
is  soon  coloui-ed  yellow  and  brown,  and  becomes  thick,  in  whid 
state  it  leaves,  on  evaporation,  a  brown  resinous  substance,  oaij 
partly  soluble  in  petroleum  ether. 

Chlorine  gaa  colours  nicotine  hlood-red  or  brown  ;  the  prodiid 
ia  KoJulile  in  iijcohol,  and  Hi|iitrates  on  cvnporiition  in  cryntiils. 

Cyanogen  also  colours  nicotine  brown;  the  product  out  o; 
alcohol  is  not  crystalline.  Platin  chloride  throws  down  a  reddish 
crystalline  precipitate,  soluble  on  warming ;  and  gallic  acid  givei 
a  flocculent  precipitate.  A  drop  of  nicotine,  poured  on  drj 
chromic  acid,  blazes  up,  and  gives  out  an  otiour  of  tobacco-cam 
phor ;  if  the  ignition  does  not  occur  in  the  cold,  it  is  produced  bi 
a  gentle  heat.  It  is  scarcely  possible  to  confound  nicotine  witl 
ammonia,  by  reason  of  its  otlour ;  and,  moreover,  ammonia  mai 
always  be  excluded  by  converting  the  base  into  the  osalate,  an( 
dissolving  in  absolute  alcohol. 

On  the  other  hand,  it  confusion  between  coniino  and  nicotini 
is  apt  to  occur  when  small  quantities  only  are  dealt  with,  I 
may,  however,  bo  guarded  gainst  by  the  following  testa  : — 

(I.)  If  coniiue  he  converted  into  oxalate,  the  oxalate  dissolvet 
in  alcohol,  and  coniine  regenerated  by  distillation  (best  in  vacuo 
with  caustic  lye,  and  then  hydrochloric  acid  added,  a  crystallini 
hydrochlorate  of  coniine  is  formed,  which  doubly  refracts  light,  an< 
is  in  needle-shaped  or  columnar  crystals,  or  dendritic  nioss-lik' 
forms.  The  columns  afterwards  become  torn,  and  little  rows  o 
cubical,  octahedral,  and  tetrahedi-al  crystals  (often  cross  o 
dagger-shaped)  grow  out  of  yellow  amor[thou3  niasses.  Crystal 
line  forms  of  this  kind  are  rare,  save  in  the  case  of  dilute  solution 
of  chloride  of  ammonium  (the  presence  of  the  latter  is,  of  course 
rendered  by  the  treatment  ini])osdiblc);  and  nicotine  does  no 
give  anything  similar  to  thU  \ea,tVAOTi. 
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(2.)  Coniine  coagulates  albumen ;  nicotine  does  not. 

(3.)  Nicotine  yields  a  characteristic  crystalline  precipitate 
with  an  aqueous  solution  of  mercuric  chloride;  the  similar  pre- 
cipitate of  coniine  is  amorphous. 

§  70.  Fatal  Dose, — Extremely  unpleasant  symptoms  have  arisen 
from  the  absorption  of  2  to  4  mgrms.  of  nicotine ;  but  the  data 
are  not  sufficient  to  form  an  opinion  as  to  the  smallest  quantity 
required  to  produce  fatal  results. 

§  71.  Separatiaii  of  Nicotine  from  Organic  Matters,  &c. — The 
process  for  the  isolation  of  nicotine  is  precisely  that  used  for 
coniine  (see  p.  326).  It  appears  that  it  is  unaltered  by  putrefaction, 
and  may  be  separated  and  recognised  by  appropriate  means  a 
long  time  after  death.  Orfila  detected  it  in  an  animal  two  or 
three  months  after  death  ;  Melsens  discovered  the  alkaloid  unmis- 
takably in  the  tongues  of  two  dogs,  which  had  been  buried  in  a 
vessel  filled  with  earth  for  seven  years !  and  it  has  been  found 
in  animals  buried  for  shorter  periods  by  several  experimenters. 
Nicotine  should  always  be  looked  for  in  the  tongue  and  mucous 
membrane  of  the  mouth,  as  well  as  in  the  usual  viscera.  The 
case  may  be  much  complicated  if  the  person  supposed  to  bo 
poisoned  should  have  been  a  smoker;  for  the  defence  would 
naturally  be  that  there  had  been  either  excessive  smoking  or 
chewing,  or  even  swallowing  accidentally  a  quid  of  tobacco.* 


Vni.— CALABAR  BEAN. 

§  72.  The  ordeal  bean  of  Calabar  {Phyaoatigma  faha)  is  a  large, 
all  but  tasteless,  kidney-shaped  bean,  about  an  inch  in  length  and 
half  an  inch  thick  ;  its  convex  edge  has  a  furrow  with  elevated 
ridges,  and  is  pierced  by  a  small  hole  at  one  extremity.  The 
integuments  are  coffee-brown  in  colour,  thin,  hard,  and  brittle  ; 
they  enclose  two  white  cotyledons,  easily  pulverisable,  and 
weighing  on  an  average  3*98  grms.  (46  grains.)  The  seed  con- 
tains at  least  one  alkaloid,  termed  Phyaoatogmine  (first  separated 
in  1864  by  Jobst  and  Hesse),  and  possibly  a  second,  according  to 
Hamach  and  Witkowsky,  who  have  discovered  in  association 
with  physostogmine  a  new  alkaloid,  which  they  call  Calahuriney 
and  which  differs  from  physostogmine  in  being  insoluble  in  ether, 
and  soluble  in  water.     It  is  also  soluble  in  alcohol,  and  further, 

^  *  lo  an  experimeot  of  Dragendorffs,  nicotine  is  said  to  have  been  detected 
in  35  grms.  of  the  saliva  of  a  person  who  had  half  an.  hout  ^t^N\o\x^^  «bv^^ 
a  cigar. 
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the  precipitate  produced  by  iiotasaium  iodohyilrargyr&te  in  cala- 
burine  soiutiona  in  insoluble  in  alcoiiul. 

§  73.  Pky»o»togmine,  or  Eserin,  is  not  easily  obtained  in  a  crys- 
talline state,  being  most  frequently  extractod  aa  a  colourlesa  var- 
nish, drying  into  brittle  masses.  It  is,  however,  quite  possible  to 
obtainit  in  the  form  of  partially  crystalline  cruats,  or  ev«n  rhombic 
plates,  by  care  being  tjtkon  to  perform  the  evaporation,  and  all 
tho  openitions,  at  as  low  a  temperature  as  possible,  and  prefer- 
ably in  a  dimly-lit  room  ;  for  if  the  temperature  rises  to  40°C. 
much  of  the  alkaloid  will  be  decompoaed.  Hease  recommends  that 
the  beans  be  exti-Hcted  by  alcohol,  the  bJcoIioHc  solution  alknlised 
by  sodic  carbonate,  and  the  liquid  shaken  up  with  ether,  wbit^ 
will  retain  the  alkaloid.  The  ether  solution  is  now  3e]:iaTat«d, 
and  acidified  slightly  with  very  dilute  sulphuric  acid;  the  fiuid,  of 
course,  separates  into  two  layers,  the  lower  of  which  contains  the 
alkaloid  as  a  sulphate,  the  upper  is  the  ether,  which  is  witb-  \ 
drawn,  and  the  acid  fluid  passed  tbrovigh  a  moist  filter.  TliSB 
whole  process  is  then  repeated  as  a  purification.  ■ 

Again,  Vie,  who  has  rep«attdly  obtained  thn  nlk.iloid  in  a 
crystalline  condition,  directs  the  extraction  of  the  beans  by  alco- 
hol, the  alcoholic  solution  to  be  treated  as  before  with  soda  and 
then  with  ether;  the  ethereal  solution  to  be  evaporated  to  dry- 
ness, dissolved  in  dilute  acid,  precipitated  by  sugar  of  lead,  and 
the  filtrate  from  this  precipitate  alkalised  by  potassio  bicarbonate, 
and  then  shaken  up  with  ether.  The  ethereal  solution  is  per- 
mitted to  evaporate  spontaneously,  and  the  crystalline  crnsta  dis- 
solved in  a  little  dilute  acid  ;  and  the  solution  is  lastly  alkalised 
by  bicarbonate  of  potash,  when,  after  a  few  minutes,  crystalline 
plates  are  formed. 

For  the  extraction  of  pliysoatogmine  from  the  fluids  of  the 
body,  Dragendorff  recommends  benzole ;  the  alcoholic  filtered 
extract  (first  acidified)  may  be  agitated  with  such  solvents  as 
l>etroleum  and  benzine,  in  order  to  remove  colouring  matter;  then 
alkalised  and  shaken  up  with  benzine,  and  the  latter  allowed  to  eva- 
porate spontaneously, — all  the  operations  being,  as  before  stated, 
carried  on  under  40°C.  If  much  coloured,  it  may  be  purified 
according  to  the  principles  before  mentioned.  In  cases  where 
enough  of  the  extract  (or  other  medicinal  iireparation)  has  been 
taken  to  destroy  life,  the  analyst,  with  proper  care,  would  prob- 
ably not  have  much  diflieuUy  in  separating  a  small  quantity  of 
the  active  principle.  It  is  rapidly  eliminated  by  the  saliva  and 
other  secretions  under  putrefaction.  The  formula  ascribed  to 
physostogmine  is  CijlIjjNgO^.  It  is  strongly  alkaline,  fully  nen- 
traUsing  acids,  and  forming  tasteless  salts.  It  is  easily  melted 
('aod /lorhaps  partly  decompoae'Vi  at  a.  ^^wiij^Tature  of  45°C. ;  at 
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lOO^C.  it  is  certainly  changed,  becoming  of  a  red  colour,  and 
forming  with  acids  a  red  solution.  It  dissolves  easily  in  alcohol^ 
ether,  chloroform,  and  bisulphide  of  carbon ;  but  is  not  easily 
soluble  in  water. 

The  salts  formed  by  the  alkaloid  with  the  acids  are  generally 
hygroscopic  and  uncrystallisable,  but  an  exception  is  met  with 
in  the  hydrobromide,  which  crystallises  in  stellate  groups.*  If 
OH2  is  passed  into  water  containing  the  alkaloid  in  suspension, 
a  dear  solution  is  obtained ;  but  the  slightest  warmth  decomposes 
the  soluble  salt,  and  reprecipitates  the  alkaloid.  The  hydrargyc 
hydroiodide,  C25H2iN30oHI2HgI,  is  a  white  precipitate,  insoluble 
in  water,  becoming  yellow  on  drjring,  soluble  in  ether  and  alco- 
hol, and  from  such  solutions  obtained  in  crystalline  prismatic 
groups.  A  heat  of  70°C.  melts  the  crystals,  and  they  solidify 
again  in  the  amorphous  condition. 

The  most  delicate  chemical  test  is  probably  that  of  Dragendorff, 
viz.,  the  production  of  a  marked  red  colour  in  a  solution  of  the 
sulphate  by  means  of  bromine  water ;  it  succeeds  with  less  than 
"06  of  a  mgrm.f 

Concentrated  sulphuric  acid  dissolves  physostogmine  with  the 
production  of  a  yellow  colour,  changing  into  olive-green ;  nitric 
acid  (cone.)  also  gives  a  yellow  colour.  Ammonia  and  the  car- 
bonated alkalies  precipitate  the  alkaloid  from  an  acetic  acid 
solution  in  the  form  of  oily  drops.  Other  precipitants  are  tannic 
acid,  which  throws  down  from  a  solution  of  the  hydrochloride,  a 
reddish-white  flocculent  precipitate,  not  easily  soluble  in  hydro- 
chloric acid;  chloride  of  gold,  a  blue,  with  quick  reduction  of  gold ; 
mercuric  chloride,  a  reddish-white  precipitate,  easily  soluble  in 
hydrochloric  acid.     It  gives  no  precipitate  with  platinic  chloride. 

In  most  cases  it  will  be  necessary  to  identify  physostogmine 
by  its  physiological  activity,  as  well  as  by  its  chemical  characters. 
For  this  purpose  a  small  quantity  of  the  substance  should  be  in- 
serted in  the  eye  of  a  kitten ;  if  it  contains  the  alkaloid  in  ques- 
tion, in  twenty  minutes,  at  the  very  latest,  there  will  be  a  strong 
contraction  of  the  pupil,  and  a  congested  state  of  the  conjunc- 
tival vessels.  Further  researches  may  be  made  with  a  small 
quantity  on  a  bird  or  frog.:( 

The  chief  symptoms  observed  will  be  those  of  paralysis  of  the 
respiratory  and  voluntary  muscles,  followed  by  death.    If  a  solu- 

•  M.  Daquesnel,  Pharm.  J.  Trans.  [3],  v.  847. 

f  Huaemaim'B  "  Jahr«Bbericht."    1872. 

t  It  may  be  noted  in  passing  that  it  is  seldom  advisable  to  ii^ect  poison 
subcutaneously  into  birds  of  so  small  a  size  as  sparrows,  since  the  wound  and 
the  fnght  objure  the  symptoms.  Nothing  is  easier  than  to  &dssm:lSs^ATS^V3 
tiiebeBK. 
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tion  13  applied  to  the  web  of  a  frog's  foot,  tlieblood-TeBselabecome 
dilated;  if  applied  to  voluntai-y  or  involuntary  muMnilar  fibre, 
the  contractility  ia,  according  to  tlie  dose,  either  destroyed  or 
much  weakened.  It  muy  tlius  be  shown  to  retard  and  weaken 
the  heart's  action.  Phyaostogmine  also  ap])ears,  according  to 
Crngendorff  and  Pander,  to  act  as  au  irritant,  for  they  always 
observed  gastro -enteritis  us  a  result  of  the  poison,  even  when 
injected  aubcutaneonsly.  The  enhanced  secretion  from  all  mucous 
eurfacea,  and  the  enUrgement  of  the  blood-veasela,  are  also  rerr 
■constant  symptoms.  Death  appears  to  occur  principally  from 
paralysis  of  the  respiratory  muscles. 

Of  all  these  characteristics,  the  contraction  of  the  pupil  b,  for 
legal  purposes,  the  pi-incipiJ,  A  substance  extracted  &om  the 
tissues  or  other  organic  matters,  in  the  manner  mentioned, 
strongly  contracting  the  pupil  and  giving  the  bromine  reaction, 
would,  in  the  ])reseut  state  of  our  knowledge,  be  indlcntive  of 
{ihysDStogmine,  and  of  that  alone. 

§  74.  Pharmaceuiiatl  PrevarcUiont. — The  only  preparation  offi- 
cinal in  this  country  and  aoroad,  is  a  spirituous  extract  {Extras- 
turn  ph;/soafiginatis),  used  principally  fur  external  ;i|ip]ication,  the 
dose  of  which  is  not  more  than  a  quarter  of  a  grain. 

§  75.  Fatal  Doseof  Pkyaoatogmine. — 1  mgrm.  ('015  grain)  as  sul- 
phate, given  by  Vee  to  a  woman  subcutaneously,  caused  vomit- 
ing, ic,  after  half  an  hour.  A  pnpil  of  Gubler's  tooJc  2  mgrms. 
without  apparent  effect;  but  another  mgrm,,  a  little  time  after, 
caused  great  contraction  of  the  pupil  and  very  serious  symptoms, 
which  entirely  passed  ofT  in  four  hours.  It  would  thus  be  just  to 
call  1  mgrm.  a  poisonous,  but  not  necessarily,  fatal  dose. 


IX-COCCULCS  INDICUS. 

5  7C.  The  ben-ies  of  the  Menisperniwn  coccutus  comprise  at  least 
three  definite  crystalline  piinciples :  menispermine,  parameni- 
aperminp.  (nitrogen-containing  bases),  and  picrotoxin,  which  pos- 
-sesses  some  of  the  characters  of  an  acid. 

§77.  Menispermine  (CjgHj,N,0„  ?1,  discovered  in  1834  be 
Pelletier  and  Courbe,  is  associated  with  a  second  named  parameni- 
spermine.  The  powdered  berries  are  extracted  by  alcohol  of  3S° ; 
the  picrotoxin  removed  by  hot  water  from  the  alcoholic  extract ; 
the  menispermine  and  paramenispermine  dissolved  out  together 
bf  acidulated  water,  and  fi'om  this  solution  precipitated  by 
Ammonia,     The  brown  ifted>^\lid>;  is  dissolved  in  acetic  acid, 
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filtered,  and  again  precipitated  by  ammonia.  This  precipitate  is 
dried,  treated  with  cold  alcohol,  to  separate  a  yellow  resinous 
substance,  and  lastly  with  ether,  which  dissolves  out  the  menis- 
permine,  but  leaves  the  paramenispermine. 

Menispermine  forms  white  semi-transparent  four-sided,  trun- 
cated prisms,  melting  at  120°C.,  decomposed  at  a  higher  tem- 
perature, insoluble  in  water,  but  dissolving  in  warm  alcohol  and 
ether.  Combined  with  eight  atoms  of  water  it  crystallises  in 
needles  and  prisms.  The  crystals  are  without  any  taste;  in  com- 
bination with  acids,  salts  may  be  formed. 

§  78.  Paramenispermine  forms  four-sided  prisms,  or  radiating 
crystalline  masses,  melting  at  250^0.,  and  subliming  undecom- 
posed.  The  crystals  are  soluble  in  absolute  ether,  insoluble  in 
water,  and  scarcely  soluble  in  ether. 

Menispermine  dissolves  in  acids,  but  apparently  without  form- 
ing definite  salts. 

§  79.  Picrotoxin  (CjjHj^Og)  was  discovered  in  1820  by  Boullay. 
It  is  usually  prepared  oy  extracting  the  berries  with  boiling 
alcohol,  distilling  the  alcohol  off,  boiling  the  alcoholic  residue 
with  a  large  quantity  of  water,  purifying  the  watery  extract 
with  sugar  of  lead,  concentrating  the  colourless  filtrate  by  evapo- 
ration, and  crystallising  the  picrotoxin  out  of  water. 

Picrotoxin  crystallises  out  of  water,  and  also  out  of  alcohol, 
in  colourless,  flexible,  four-sided  prisms,  often  arborescent,  and 
possessing  a  silky  lustre.  They  are  unalterable  in  the  air, 
soluble  in  150  parts  of  cold,  and  25  parts  of  boiling  water, 
disiiolving  easily  in  acidified  water,  in  spirit,  in  ether,  in  amyl 
alcohol,  and  chloroform.  They  are  without  smell,  but  have  an 
extremely  bitter  taste.     Caustic  ammonia  is  also  a  solvent. 

The  crystals  are  neutral  and  bitter.  They  melt  at  a  gentle  heat 
to  a  yellow  mass ;  at  higher  temperatures  giving  off  an  acid  vapour, 
with  a  caramel-like  odour,  and  lastly  carbonising.  Picrotoxin  in 
cold  concentrated  sulphuric  acid  dissolves  with  the  production  of 
a  beautiful  gold-yellow  to  saffron  yellow  colour,  which  becomes 
on  the  addition  of  a  trace  of  potassic-bichromate  violet,  passing 
into  brown.  An  alcoholic  solution  turns  a  ray  of  polarised  light 
to  the  left  [alj  =  -  28-r. 

Picrotoxin  behaves  towards  strong  bases  like  a  weak  acid. 
Its  compounds  with  the  alkalies  -and  alkaline  earths  are  gummy 
and  not  easily  obtained  pure.  Compounds  with  quinine,  cin- 
chonine,  morphia,  strychnine,  and  brucine  can  be  obtained  in 
the  crystalline  condition.  Dilute  sulphuric  acid  transforms 
it,  with  assimilation  of  water,  into  a  weak  gummy-liko  acid, 
which  corresponds  to  the  formula  CigHjgOg.  Nitric  acid  oxi- 
dises it  to  oxalic  acid.     Nitropicrotoxin  and  \)toisiqy^c?coWsax^ 
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(C,jH„(N0,)05,  and  CijHjjBr.OJ,  can  by  appropriate  treatment  ' 
bo  obtaiaed. 

Concentrated  aqueous  fiolutioiis  of  alkalies  and  ammonia  de- 
compose picrotoxin  fully  on  warming.  It  reduces  alkaline  copper 
Bolution,  and  colours  bictiroinate  of  potash  a  beantiful  green. 
TLe  beat  teat  for  its  presence  ia,  Lowever,  as  follows  : — The 
Buppo.sed  picrotoxin  ia  mixed  nith  thrice  its  bulk  of  saltpetre,  the 
mixture  moistened  vitli  snlplinrio  aoid,  an<l  then  decompOGed 
with  soda-lye  in  eseeas,  when  there  is  produced  a.  tmnsitory 
brick-rod  colonr.  For  the  reaction  to  Bucceed,  the  picrotoxin 
ahouhl  bo  tolerably  pure. 

Solutions  of  picrotoxin  are  not  precipitated  by  the  chlorides  of 
platinum,  mercury,  and  gold,  iodides  of  potash,  ferro  and  fctriJ- 
cyanideti  of  potash,  nor  by  picric  nor  tannic  acids. 

Picrotoxin  is  a  poison.  Yossler  killed  a  cat  in  tvo  hours 
with  a  dose  of  '12  grm.  (IS  grain);  and  another  oat,  with  the 
Bam»  dose,  died  in  45  minutes.  Falcko  destroyed  a  young  hound 
with  -OG  grm.  (-92  grain)  in  24  to  2S  minutes.  Qiv«n  by  subcu- 
taneous or  intravenous  injection,  it  ia,  as  might  be  expected,  still 
more  lethal  and  rapid  in  its  effucta.  In  an  experiment  of  Fa]okr''f!, 
■03  grm.  ("40  grain),  injected  into  a  vein,  destroyed  a  strong 
hound  within  20  minutes;  "01 G  grm.  ('022  grain),  injected  under 
the  skin,  killed  a  guinea  pig  in  22  minutes;  and  '013  gnu. 
(I'P  grain)  a  hare  in  40  minutes.  Hence  it  may  bo  inferred 
that  from  2  to  3  grains  (12'9  to  19-4  centigrms.)  would,  in  all 
probability,  be  a  dangerous  dose  for  an  adult  pei*son. 

The  toxic  action  of  picrotoxin  on  iish  and  frogs  has  been  pro- 
posed as  a  test.  The  symptoms  observed  in  fiah  arc  mainly  a3 
follows  : — The  fisli,  nccording  to  the  dose,  show  uncertain  motions 
of  tlie  body,  lose  their  balance,  and  finally  float  to  the  surface, 
lying  on  one  side,  with  frequent  opening  of  the  mouth  and  gill- 
covers.  These  symptoms  are,  however,  in  no  way  distinguish- 
able irom  those  induced  by  any  poisonous  sul)3tance  in  the 
water,  or  by  many  diseases  to  which  fish  are  liable.  Neverthe- 
less, it  may  bo  conceded  that  in  certain  cases  the  test  may  be 
valuable — if,  e.g.,  beer  be  the  matter  of  research,  none  of  the 
methods  used  for  the  extraction  of  picrotoxin  will  be  likely 
to  extract  any  otlier  Kuhstance  having  the  poisonous  action 
descnhed  on  fish,  so  that,  as  a  confirmatory  test,  this  may  be 
of  use. 

Frogs,  under  the  influence  of  picrotoxin,  become  first  uneasy 
and  restless,  and  then  somewhat  somnolent ;  but  after  a  short 
time  tetanic  convulsions  set  in,  which  might  lead  the  inexperienced 
to  imagine  that  the  animal  was  poisoned  by  strychnine.  There 
is,  however,  one  maikei  distinction  between  the  two — viz.,  that 
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in  picrotoxin  poisoning  an  extraordinary  swelling  of  the  abdo- 
men has  been  observed,  a  symptom  which,  so  far  as  known,  is 
due  to  picrotoxin  alone.  The  frog  is,  therefore,  in  this  instance, 
the  most  suitable  subject  for  physiological  tests. 

Beer  extract  containing  picrotoxin  is  fatal  to  flies ;  but  no 
conclusion  can  be  drawn  from  this,  since  many  bitter  principles 
(notably  quassia)  are  in  a  similar  manner  fatal  to  insect  life 
The  separation  of  picrotoxin  from  beer  is  described  at  p.  165. 


X.— ACONITE. 

§  80.  The  officinal  aconite  is  the  Aconitum  napdlua — monkshood 
or  wolfsbane — a  very  common  garden  plant  in  this  country,  and 
one  cultivated  for  medicinal  pui'poses.  Many  varieties  of  aconite 
exist  in  other  regions,  which  either  are,  or  could  be,  imported ; 
of  these  the  most  important  is  the  Aconitum  ferox,  a  native  of 
the  Himalayan  mountains,  imported  from  India. 

All  the  aconites,  so  far  as  known,  are  extremely  poisonous, 
and  it  appears  probable  that  different  species  contain  different 
alkaloids.  The  root  of  ^.  napelltia  is  from  two  to  four  inches  long, 
conical  in  shape,  brown  externally  and  white  internally.  The 
leaves  are  completely  divided  at  the  base  into  five  wedge-shaped 
lobes,  each  of  the  five  lobes  being  again  divided  into  three 
linear  segments.  The  numerous  seeds  are  three-sided,  irregularly 
twisted,  wrinkled,  of  a  dark-brown  colour,  in  length  one-sixth  of 
an  inch,  and  weighing  25  to  the  grain  {Guj/).  The  whole  plant 
is  one  of  great  beauty,  from  two  to  six  feet  high,  and  having  a 
terminal  spike  of  conspicuous  blue  flowers.  The  root  has  been 
fatally  mistaken  for  horse-radish,  an  error  not  easily  accounted 
for,  since  no  similarity  exists  between  them. 

§  81.  Pharmaceutical  Freparatuma  of  Aconite. — The  prepara- 
tions of  aconite  used  in  medicine  are : — 

Aconitine,  officinal  in  all  the  pharmacopeias. 

Aconite  liniment  (Liniinentum  aconiti),  made  from  the  root 
^th  spirit,  and  flavoured  with  camphor ;  officinal  in  the  British 
phannacopeia ;  it  may  contain  about  2*0  per  cent,  of  aconitine. 

Aconite  tincture,  officinal  in  all  the  pharmacopeias. 

Aconite  ointDient,  8  grains  to  the  ounce  (t.e.,  1*66  per  cent.) ; 
t>ffictnal  in  the  British  pharmacopeia. 

Aconite  extract,  the  juice  of  the  leaves  evaporated ;  officinal 
in  most  of  the  pharmacopeias. 

Fleming's  tincture  of  aconite  is  not  officinal, \)u\>  \&  ^o\^\dx%<^^ 

z 
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in  (^ommertH).     It  is  from  tliree  to  four  timee  Btronger  tliaii  tkffl 
P,a  tincture.  jM 

§  82.  The  AconiU  Alkaloida. — Tho  nlkiUoids  whioh  have  Lomh 
stated  to  exist  in  A.  napel/ua  are — Atjooitine  napelline,  at-oljra^ 
tine,  lycoctine,  and  one  or  two  othei-a.  The  first  ia  oonaidewj  lo 
be  in  combination  with  sconitic  or  oquiBetio  adcl,  HjC'^H^O^ : 
the  others  are  probably  derivatives  troai  ticonitine,  pro)iuc«4l  by 
the  objcctiouable  employment  of  miseml  acids  and  too  high  a 
temperature  in  the  process  of  extraction. 

The  rosearchea  of  Dr.  Alder  Wright  on  the  alkaloids  contained 
in  the  aconiteB,  although  not  yet  complete,  liove  thrown  much 
light  u]ioa  the  subject,  and  ;ire  of  the  greatest  importance  ;  only 
a  summary  of  results  as  obtained  by  him  can,  of  course,  be  given 
hero,  and  the  reader  ia  referred  t<»  the  original  papers*  for  further 
information. 

The  ivlkaloids  contained  in  Aoonitum  tiapellus  are  by  no  means 
identical  with  those  contained  is  Aeonilum  ferox. 

AconiluDi  napelltia  roots  yield  a  crystallised  alkaloid,  Aoanitiitt, 
C.^Hj^NOj,,  of  great  activity.  Some  roots,  but  apimrently  not 
all,  coulaiu  in  addition  a  nearly  inert  bitter  base,  termed  |iy 
Dr.  A.  Wright  Pieraeonitine,  Cj^^H^NO,^  Besides  picraconitine 
and  aconitine,  there  is  a  third  amorphous  alkaloid,  incapable  of 
yielding  crystalline  salts,  and  of  lower  molecular  weight 

Aeonitum  ferox  contains  an  active  alkaloid,  to  which  Dr. 
Wright  gives  tlie  name  of  pseudaconitine,  and  assigns  the  for- 
mula CjjHjjNOj.  From  pseudaconitine,  apo  pseudaconitine 
(CjjH^NOi,),  pseudaconine  (C,_,jHj,NO„),  apopseudaconine 
(OmHjgNOg),  and  other  derivatives  may  be  obtained. 

Contiuing  our  attention  to  the  physiologically -active  alkaloids, 
A<'on\tin&  and  Faeudacomthu,  tho  points  of  resemblance  and  dif- 
ference between  them  are  as  follows  : — They  are  both  physiolo- 
gically active,  and  both  give  precipitates  with  mercuric  chloride, 
potassium  mercuro-bromide,  })otaasium  mercuriodide,  tannin. 
gold  chloride,  and  several  other  precipitants  of  the  alkaloids. 

From  aconitine,  pseudaconitine  differs  in  its  molecular  weight, 
and  in  its  melting  point — aconitine  melting  at  180°C.,  pseuda- 
conitine at  about  104°  to  105''C. 

Aconitine  by  saponifying  agents  breaks  up  into  benzoic  acid 
and  a  new  alkaloid,  according  to  the  reaction, 

CsjH^NOj;  -1^  HgO  =  CjHgOj  -i^  Ca(H39NO,  ; 

■while  pseudaconitine,  treated  similarly,  gives  rise  to  a  new  body 

iftpojpwudaconitine)  and  dime  thy  1-protocatechuic  acid, 

Cs„H„N0,3  +  HjO  =  CgHioO,  -h  C^H^NO;^ 

•  Jovm.  Cftem.  Soriftij,  \.,'Wn,'p- V^-,  i&.t.,  1878,  p,  131. 
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Aconitine,  again,  crystallises  anhydrous ;  pseudaoonitine  with 
one  atom  of  water.  Aconitine  yields  well-crystallised  salts  with 
facility ;  pseudaconitine,  treated  similarly,  produces  amorphous 
Tarnishes,  with  a  few  exceptions,  e.^.,  the  nitrata 

§  83.  SepanUion  of  Hie  Actmils  Alkcdoida, — It  would  appear  cer- 
tain that  in  all  operations  for  the  separation  of  aconite  alkaloids 
(whether  from  the  organic  matters  which  make  up  the  plant, 
or  from  those  constituting  animal  tissues)  mineral  acids  and  a  high 
heat  should  be  avoided.  A  modification  of  M.  Duquesnel's  pro- 
cess of  isolation  is  best — viz.,  extraction  by  alcohol  acidulated 
with  tartaric  acid ;  evaporation  of  the  extract  at  temperatures 
not  exceeding  60"C. ;  re-solution  of  the  extract  in  water ;  agita- 
tion of  the  acid  liquid  with  the  various  solvents  described  at 
p.  267,  to  remove  impurities ;  and,  finally,  precipitation  by  sodium 
bicarbonate.  Any  precipitate  should  be  crystallised,  if  possible, 
several  times  from  ether  and  petroleum,  and  lastly,  converted 
into  an  acid  oxalate,  and  regenerated  from  the  oxalate  by  re-pre- 
cipitation with  carbonate  of  soda ;  or,  if  the  alkaloid  sought 
is  derived  from  A.  feroxy  the  purification  appears  best  effected 
by  conversion  of  the  pseudaoonitine  into  nitrate  (the  nitrate  of 
pseudaoonitine  is  almost  insoluble  in  nitric  acid  containing  8  to 
10  per  cent,  of  HNO3),  and  from  the  nitrate  the  alkaloid  may 
be  regenerated  by  soda  and  ether. 

In  this  way  it  is  possible  (should  any  of  the  preparations  of 
aconite,  or  the  root  itself,  have  been  taken)  to  isolate  a  more  or 
less  minute  portion  of  an  alkaloid,  which,  if  derived  from 
the  aconites,  responds  to  the  reactions  given  below ;  and,  if 
applied  to  the  skin,  will  cause  local  ansesthesia.  If  a  minute 
quantity  is  rubbed  on  the  lip,  or  placed  on  the  tongue»  it 
will  cause  tingling  and  numbness  ;  in  order  to  be  personally 
acquainted  with  this  feeling,  the  tincture  (or  the  liniment  of 
aconite)  can  be  tried  in  the  same  way,  and  the  sensations 
compared. 

Further,  if  aconitine,  or  pseudaconitine,  in  a  quantity  so  small 
as  '21  mrgm.  (^^  grain),  is  injected  subcutaneously  into  a  small 
animal,  a  mouse,  &c.,  poisonous  symptoms  will  be  developed. 

Commercial  aconitine  is  at  the  present  time  so  variable  in  its 
composition  that  it  is  hardly  safe  to  generalise  from  the  samples 
met  with.  It  is  usually  an  amorphous  white  powder,  melting 
below  the  temperature  of  boiling  water,  and  yielding  an  amor- 
phous sublimate  above  150^^0.  ;  it  dissolves  without  colour  in 
nitric  acid,  and  gives  no  precipitate  with  bichloride  of  plati- 
num. 

(a.)  On  heating  aconitine  with  phosphoric  acid,  a  violet  qoVvqx 
is  produced  {Van  Ilasselt). 


;2 
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(5.)  Sulpliiiric  acid  produces  a  brown  colour  aloivly,*  parsing 
through  different  shades  of  red-brown  into  violet 

(c.)  Si^ar  and  sulphuric  acid  give  a  red  colour  {Schjieider'}. 
§  84,  Fatal  J)oiK.^-Tho  fatal  dose  of  pure  aconitine,  or  paeu4fr 
conitine,  is  probably  about  -04  mgrm.  (^  grain) ;  if  in  any  vaM 
80  small  a  quantity  should  have  caused  death,  it  is  highli 
improbable  that  chemical  manipulation  would  detect  it  wit 
certainty. 

§  65.  Anali/sia  of  Pkarmaeeutinal  Preparations  qf  AconiU.^ 
The  yield  of  total  alkaloids  from  aconite  roots  is  variously  Btatadj 
at  irom  '03  to  '04  per  cent.  The  approximate  strength  of  tinctvireii 
liniments,  &c.,  may  be  dotemtinwi  by  Mayer's  reagent.t  Ead| 
cc.  of  this  fluid  precipitates  -OSSi)  of  Duquesnei's  aconitine,  whii^ 
(according  to  the  recent  researches  of  Dr.  Wright)  Duquesad 
obtained  nearly  pure.  The  titration,  according  to  DragendorlC 
must  operate  upon  a  fluid  containing  about  one  part  of  ti4 
alkaloid  in  150  to  200  of  water,  and  a  first  experiment  is  necetf 
sary  in  order  to  ascertain  the  proper  degree  of  dilation.  Tli^ 
reagent  is  then  added  from  a  burette,  and  by  the  use  of  a  Beale^ 
filter  the  jioint  at  which  a  precipitate  ceases  to  be  produced  is 
noted. 

Extracts  of  aconite  must  be  treated  with  acidulated  water, 
and  filtered  ;  spirituous  preparations  must  be  freed  from  alcohol, 
and  acidulated.  Herr  Zinoffsky,  operating  in  this  way,  found 
in  Russian  tinctures  -llC  to  ■!  per  cent,  of  aconitine.  The 
extracts  appear  to  contain  from  4  to  6-5  per  cent 

Commercial  aconitine  may  be  assayed  by  the  use  of  saponify- 
ing agents,  changing  aconitine  and  pseudaconitine  respectively 
into  benzoic  and  dimethyl-protocatechuic  acids.  The  following 
(from  a  recent  number  of  the  Phamvieeutical  Journal)  ia  an 
example  of  this  method  : — 

0-7895  grain  lost  at  100"  0-0335,    .  ,    =      4-2  per  cent. 

2-3040  grain,  dissolved  in  hydrochloric  acid, 
and  treated  with  ether,  furnished  0-010 
grain  of  residne,  left  on  spontaneous  eva- 
poration of  ether,  consisting  of  resinous 
matter  with  a  little  dimethyl  -  proto- 
catechuic  acid,  .  .    =      0'4        „ 

2-0230  grain,  heated  to  340  to  250  in  a  sealed 
tnbe  for  twenty-four  hours   with  water, 
yielded  with  hydrochloric  acid  and  ether 
0'3660    grain    of    mixed    benzoic    and 
•  The  fdll  violet  colour  takes  tw«nty-four  honra  to  produce. 
t  13-S46gnaM.  of  mercuric  chloride  and  49'6  potasaic  iodide  in  a  litn  d 
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dimethyl-protocatechaic  acids,  with  trace 

of  resin, =   18'1  percent. 

On  distillation  with  water,  0*002  grm.  of 
benzoic  acid  was  obtained,  melting  at 
llO^C, =     01       „ 

•1  per  cent,  of  benzoic  acid  would  correspond  to  0*6  per 
cent,  of  aconitine,  since  pure  aconitine  has  been  fonnd  experi- 
mentally to  yield  about  one-sixth  of  its  weight  of  benzoic  acid. 

Pore  pseudaconitine  is  assumed  to  yield  25  per  cent,  of  its 
weight  of  dimethyl-protocatechuic  acid ;  in  other  words,  the 
percentage  of  dimethyl-protocatechuic  acid  multiplied  by  4  (after 
making  corrections  for  resin,  pre-existing  acid,  and  benzoic  acid), 
equals  for  practical  purposes  the  percentage  of  pseudaconitine  ; 
hence  the  results  of  the  previous  analysis  are  thus  worked 
out : — 
Total    dimethyl  -  protocatechuic    and  benzoic 

acids,  and  resin  obtained,         .         .         .    =   18*1  per  cent. 
Deduct  resin  and  pre-existing  dimethyl-proto- 
catechuic acid, =3     0*4       „ 

Acids    due  to  pseudaconitine    and  aconitine 

present, =   17*7       „ 

Benzoic  acid  due  to  aconitine,  .         .         .    =     0*1       „ 

Dimethyl-protocatechuic  acid  due  to  pseuda- 
conitine,          .         .         .         .         .         .  =   17*6  „ 

Percentage  of  pseudaconitine,           =   17*6x4  =   70*4  „ 

Ditto  of  aconitine,           .         .         =     0*1  x  6  =     0*6  „ 

Water, =  4*2  „ 

Pseudaconine  and  amorphous  unnamed  base, 

&a,  by  difference, =   24*8  „ 


XI.— ERGOT  OF  RYE. 

§  86.  Ergot  is  a  peculiar  fungus  attacking  the  rye  and  other 
graminaceous  plants  ;*  it  has  received  various  names,  Claviceps 
purpurea,  Tulasne,  Spermoedia  clavus,  Fries,  Sclerotium  cUvous^ 
D.C.,  <kc.  The  peculiar  train  of  symptoms  arising  from  the  eat- 
ing of  ergotised  grain  (culminating  occasionally  in  gangrene  of 
the  lower  limbs),  its  powerful  action  on  the  pregnant  uterus,  and 
its  styptic  effects,  are  well  known. 

The  very  general  use  of  the  drug  by  accoucheurs  has,  ao  to 

*  Some  of  the  Cypsracta  are  also  attackel. 
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speak,  popnlarised  a  knowledge  of  ita  action  among  all  dnsam 
of  society,  and  ita  criminal  c-uiployinetil  aa  an  aborliro  apiiean 
to  be  on  the  increase* 

The  healthy  grain  of  rye,  if  examined  microacopically  in  tbia 
sections,  is  seen  to  be  composed  of  the  eeed-coating,  made  up  ot' 
two  layers,  beoeatli  which  are  the  gluten-cella,  whuat  the  grwit 
bulk  of  the  seed  is  composed  of  cells  containing  Htarch.  In  t' 
ergotised  grain,  dark  (almost  black)  cells  replace  t}ie  seed-coat  a: 
the  gluteu-ccllB,  whilst  the  targe  etarch-eoulaining  oells  are  filled 
with  the  Email  cells  of  the  fungus  and  numerous  drops  of  oil. 

§  87.  T/te  Chemical  ConstUwnla  of  £rgot  are  a  iised  oil,  tri- 
methyUmine,  certain  active  prinoiplee,  and  colouring  mattura. 

The  Jiiced  oil  is  of  a  brownish-yellow  oolour,  of  aromatic  flavou 
and  acrid  taste ;  ita  specific  gravity  is  0-021,  and  it  conaiata^ 
chiefly  of  the  glycerides  of  palmitin  and  olein  ;  it  has  no  physia 
logical  action. 

Trimet/iylamine  is  always  present  ready  formed  in  ergot ;  I 
can  al.io  be  produced  by  the  action  of  potash  on  ergot. 

With  regard  to  the  active  pnifipha  rf  enj.'t  considerable  con- 
fusion still  exists,  and  no  one  Ikls  hitherto  isclatt'd  any  single 
substance  in  such  a  state  of  purity  as  to  inspii'e  confidence  as  to 
ita  formula  or  other  chemical  characters.  They  may,  however,  be 
briefly  described. 

C.  Tamet  {Compl.  Jlendus,  xxxi.  89G)  has  separated  an  alkaloid, 
which  appears  identical  with  Wenzel's  ergotinijte.  To  obtain  this 
the  ergot  is  extracted  by  alcohol  of  8C°,  the  spirit  removed  by 
distillation,  and  the  residue  cooled ;  a  resin  (which  is  deposited) 
and  a  fatty  layer  (which  floats  on  the  surface)  are  separated  from 
the  extractive  liquor  and  wasiiod  witli  ether ;  tlie  cthei-eal  solu- 
tion is  filtered  and  shaken  with  dilute  sulphuric  acid,  which 
takes  up  the  alkaloid;  the  aqueous  solution  of  the  sulphate  iK 
then  filtered,  rendered  alkaline  by  KHO,  and  agitated  witli 
chloroform.  The  ergotinine  is  now  obtiiined  by  evaporating  the 
chloroform  solution,  care  being  taken  to  protect  it  from  contact 
with  the  air.  It  gives  precipitates  witli  chloride  of  gold,  potas- 
fiium  iodohydrargyrate,  phoai>homolybdic  acid,  tannin,  bromine 
water,  and  the  chlorides  of  gold  and  platinum.  With  moderately 
concentrated  80,Hj,  it  gives  a  yellowish-red  coloration,  changing 
to  an  intense  violet,  a  reaction  which  docs  not  occur  if  the  alka- 
loid has  been  exposed  to  the  air.  The  composition  of  the  base  is 
represented  by  the  formula  t';oITio^4'^i2'  "^"^  "  crystalline  sul- 
phate and  lactate  have  been  obtained-f 

*  The  Ensuao  pcauntiy   use  the   drag  for  the  same  purpose.      Vidt 
Hackeaae  \^'alkce'i  "  IlUMia."  1.,  y>-  LIT. 
t  CompUa  litiidut,  Avril,  U'iS. 
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Wenxers  Echoline  is  prepared  by  precipitating  the  cold  watery- 
extract  of  ergot  with  sugar  of  lead,  throwing  out  the  lead  in 
the  usual  way  by  hydric  sulphide,  concentrating  the  liquid,  and 
adding  mercuric  chloride,  which  only  precipitates  the  ecboline. 
The  mercury  salt  is  now  decomposed  with  hydric  sulphide,  and 
after  the  mercury  precipitate  has  been  filtered  off,  the  filtrate  is 
treated  with  freshly  precipitated  phosphate  of  silver,  and  refil- 
tered ;  lastly,  the  liquid  is  shaken  up  with  milk  of  lime,  again 
filtered,  and  the  lime  thrown  out  by  COg.  The  last  filtrate  con- 
tains ecboline  only,  and  it  is  obtained  by  evaporation  at  a  gentle 
heat  It  is  an  amorphous,  feebly  bitter  substance,  with  an  alka- 
line reaction,  forming  only  amorphous  salts. 

The  most  recent  research  by  Dragendorff  on  ergot  tends  to 
show  that  Wenzel's  alkaloids,  ergotinine  and  ecboline,  are  inac- 
tive. Dragendorff  describes  also  (a.)  Sderomticin,  a  slimy  sub- 
stance which  goes  into  solution  upon  extraction  of  the  ergot 
with  water,  and  which  is  again  precipitated  by  40  to  45  per  cent, 
alcohol.  It  is  colloidal  and  soluble  with  difficulty  in  water.  It 
contains  nitrogen,  but  gives  no  albuminoid  reaction,  nor  any 
reaction  of  an  aJkaloidal  or  glucosidal  body;  it  yields  to  analysis — 

8-26  per  cent.  Water. 
26-8        „  Ash. 

29-0        „  Carbon. 

6*44      „  Hydrogen. 

6*41       „  Nitrogen. 

(&)  Sderatic  Acid, — A  feebly-acid  substance,  easily  soluble  in 
water  and  dilute  and  moderately  concentrated  alcohol.  It 
passes,  in  association  with  other  constituents  of  the  ergot  extract, 
into  the  diffusate,  when  the  extract  is  submitted  to  dialysis ;  but 
after  its  separation  in  a  pure  state  it  is,  like  scleromucin,  col- 
loidal. It  is  precipitated  by  85  to  90  per  cent,  alcohol,  together 
with  lime,  potash,  soda,  silica,  and  manganese;  but  after  macerar 
tion  with  hydrochloric  acid,  the  greater  part  of  the  ash  con- 
stituents can  be  separated  by  a  fresh  precipitation  with  absolute 
alcohoL  The  sample  gave  40*0  per  cent,  of  carbon,  5*2  per  cent. 
hydrogen^  4'2  per  cent,  nitrogen,  50*6  per  cent,  oxygen,  with  3*4 
I)er  cent,  of  ash.  Sclerotic  acid  forms  with  lime  a  compound  that 
is  not  decomposed  by  carbonic  acid,  and  which  upon  combustion 
leaves  from  19  to  20  per  cent,  of  calcium  carbonate.  Both  these 
substances  are  active,  although  evidently  impure.  Sclerotic  acid 
is  sold  in  commerce,  and  has  been  employed  subcutaneously  in 
midwifery  practice  in  Russia  and  Germany  for  sometime. 

The  inert  principles  of  ergot  are — 1.  A  red  co\o^xn3i%'n\»^XKt> 
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ScUrerythrin,  insoluble  in  water,  but  soluble  in  dilute  nnd  atrODj^ 
nlcolio],  ether,  oliloroforni,  dilute  solutions  of  potash,  amnioma,  A-c. 
It  can.  be  obtained  by  dissoiving  in  an  alkali,  neutral bini;  with 
iin  acid,  iiad  Bbaking  up  with  ether.  Alcoholic  solution  of  scler- 
crythriu  gives  with  aluroiniuiu  sulphate,  and  with  zinc  chloride, 
a  splendid  red  mixture  ;  with  salts  of  calcium,  barium,  find  mniiT 
of  tho  heavy  metals,  it  gives  a  blue  predpitate  ;  the  yield  is  only 
-1  to  -05  in  a  thousand  parts. 

(2.)  Another  colouring  matter,  dissolving  in  concentrated  aiil- 
])huric  Rcid  with  the  production  of  a  fine  blue  violet  oolaiir,  the 
discoverer  has  named  Sdeivitxlin.  This  is  not  solublfl  in  nlcoho), 
ether,  chlcyoform,  or  watrr;  but  diasolvfis  in  alkaline  solutionu, 
potash  ]iroducing  a  splendid  violet  colour;  yield  about  1  to  lOOU. 

(3,  4.)  Two  crystalliue  substances,  which  may  be  obtained  from 
ergot  powder,  fint  treated  with  tin  at^ueons  solution  of  btftaric 
acid,  and  the  colouring  roattera  oxtmcted  by  etiier.  One  Dragon- 
dorff  names  Sclerocryitallin,  C-yf^^Pi  i  it  ia  in  colourless  neodJ«», 
insoluble  in  alcohol  and  water,  with  difficulty  solublei  in  other. 
but  difisolving  iu  ammonia  and  potash  solutions.  The  other  crvs- 
tiUline  substance  is  thought  to  bo  iiicrcly  a  bydrnted  coni]ioiiiiJ 
of  sclerocryatallin.     Both  are  without  physiological  action. 

The  solid  ergot  and  its  preparations  are  readily  recognised  by 
their  physical  charactoi-s,  and  by  the  jiroperty  they  jiossess  of 
yielding  trimethyJainine*  on  distillation  with  potasli.  In  the 
present  state  of  our  knowledge,  it  is  better  to  trust  to  th*'  pro- 
duction of  this  definite,  well-known  chemical  substance,  than  to 
attempt  to  isolate  the  principles  whicii  have  been  described.  With 
regard  to  ergot  taken  into  the  stomncli,  unless  the  liquid  or  pow. 
der  itself  remains  there  for  identification,  it  is  hopeless  to  search 
for  the  rtfraoric?  drug ;  the  tests  for  ergot  must  be  much  more 
definite  than  they  ara  at  present,  before  sucii  a  search  can  bo 
successful. 

§  88.  The  DuUrlion  of  Ergot  in  flour  or  meal  may  be  etTected 
by  distilling  with  potash,  and  exaniiuing  the  distillate  for 
trimethylamine.  The  liquid  (which  in  any  case  will  contain 
ammonia)  is  carefully  neutralised  with  dilute  sulphuric  acid, 
and  evaj>orated  to  dryness.  On  treatment  of  the  dry  mass  with 
ctiier,  the  sul]>hato  of  trimethylamine  is  dissolved  out  of  the 
ammonium  sulphate,  the  latter  being  left  unacted  upon.  The 
sulphate  of  trimethylamine  may  now  bo  dissolved  in  a  little 
water,  placed  in  a  retort  with  freshly-burnt  Itme,  and  distilled, 

•  Since  tri  methyl  amino  ia  produced  fi'ora  a  variety  of  aubatances,  to  find 
it  would  not  be  snfl3cieBt  evicleace  in  itself  of  the  prosence  of  ergut ;  bnt 
hero,  as  efaewhere,  the  judgment  ia  formed  not  on  one  isolated  fact,  bat  on 
MPCnl  taken  together. 
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eondenaing  tbe  products  in  a  (J  tube,  which  must  be  cooled  by 
a  freezing  mixture,  or  by  ice,  or  in  any  other  suitable  manner. 
Trimethylamine  is  present  if,  under  such  circumstances,  a 
strongly  alkaline  inflammable  liquid,  smelling  fishy  and  am- 
moniacal,  is  obtained. 

Another  method  is  as  follows*: — 10  grms.  are  treated  twice 
with  30  grms.  of  boiling  alcohol  of  90  per  cent,  (in  which  the 
colouring  matter  is  not  soluble),  and  each  time  passed  through 
linen*  The  substance  thus  purified,  is  again  digested  with 
alcohol,  and  when  filtered  off,  should  be  colourless ;  if  not,  the 
extraction  must  be  repeated  until  it  is.  The  substance  is  now 
treated  with  from  10  to  20  drops  of  diluted  sulphuric  acid, 
shaken  up,  and  then  allowed  to  stand.  If  the  meal  is  pure,  the 
supernatant  fluid  should  be  colourless,  or  of  a  pale  yellow ;  but  if 
ergot  be  present,  it  will  be  coloured  more  or  less  intensely  red. 
It  may  be  estimated  by  colorimetric  processes,  and  ^  per  cent  of 
ergot  detected  in  this  way. 

§  89.  Pharmaceutical  Preparations. — Ergot  itself  is  officinal  in 
all  the  pharmacopeias,  and  occurs  in  gi*ains  from  ^  to  1  inch  in 
lengthy  and  about  the  same  breadth,  triangular,  curved,  obtuse 
at  the  ends,  of  a  purple  colour,  covered  with  a  bloom,  and  brittle, 
exhibiting  a  pinkish  interior,  and  the  microscopical  appearances 
already  detailed.  Ergot  may  also  occur  as  a  brown  powder, 
possessing  tbe  unmistakable  odour  of  the  drug.  A  liquid  extract 
of  the  B.  P.  is  prepared  by  exhausting  the  ergot  of  fat  by  ether, 
digesting  the  marc  in  water  at  160°F.,  and  evaporating ;  spirit  is 
then  added,  and  the  liquid  filtered  from  the  precipitate  which  is 
formed.  The  extract  of  the  Continental  pharmacopeias  is  very 
similar.  It  has  been  found  in  practice  that  the  addition  of  a 
little  sulphuric  acid  aids  in  preserving  the  strength  of  the  extract, 
which  will,  therefore,  be  generally  found  acid,  containing  from 
12  to  14  per  cent,  of  solid  matters,  and  yielding  from  '022  to  *028 
of  albuminoid  nitrogen  when  distilled  with  alkaline  permanganate 
of  potash.  A  tincture  and  an  infusion  are  also  officinal;  the  latter 
is  very  frequently  used,  but  seldom  sold,  for  it  is  preferable  to 
prepare  it  on  the  spot.  The  tincture,  experience  has  shown  to  bo 
far  inferior  in  power  to  the  extract,  and  it  is  not  much  used. 

§  90.  Dose. — The  main  difficulties  in  the  statement  of  the 
medicinal  dose,  and  of  the  minimum  quantity  which  will  destroy 
life,  are  the  extreme  variability  of  different  samples  of  ergot 
and  its  readiness  to  decompose.  A  full  medicinal  dose  of  ergot 
itself,  as  given  to  a  woman  in  labour,  is  4  grms.  (61*7  grains), 
repeated  every  half  hour.     In  this  way  enormous  doses  may  be 

•  Jacoby,  quoted  by  Dragendorff— "Beitrage  zur  GerichtUch^iiCVvRTO^si** 
St  Petersburg,  1872. 
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given  in  aomo  cases  ■wit.bout  much  pffect.     On  the  oUier  hand, 
doBos  BO  smnll  aa  1   to  4  grma,  have  caust'd  serious  poisouous 
Bjmptoma.     The  extract  and  the  tinoture  are  seldom  gii-en  in 
larger  doses  than  that  of  a  dradim  as  a  first  dose,  to  excite  . 
uterine  contraction.     In  fact,   the  medical   practitioner  has  i 
manj  cases  to  experiment  on  his  patient  with  the  dmg,  in  a 
to    discover  not  only    the    individual   Rusceptibilityi  but  I 
activity  of  the  particular  ])rcpamtian  used. 


XII.— DIGITALIS. 

§  91.  The  Digitalis  purpurea,  or  foxglove,  is  a  plant  extremdyi 

nmon  in  most  parta  of  Eof^land,  and  poisoning  may  occur  &(ns^ 
the  accidental  use  of  the  root,  leaves,  or  aeeds.  The  seeds  «rv 
Tery  amall  oud  pitted;  they  weigh  1126  to  &  grain  (Guy),  are  of 
a  light  hrown  colour,  and  in  form  soinewhat  egg-shaped.  1%« 
leaves  iiro  large,  ovate,  ci'cnate,  narrowed  at  the  Ihiso,  mgous, 
veiriod.  and  downy,  i-si>cei:illy  on  the  uiuler  siirlliec  TJjwr 
colour  is  a  dull  green,  and  they  have  a  faint  odour  and  a  bitter 
nauseous  taste.  The  leaf  is  best  examined  in  section.  Its  epi- 
dermis, when  fresh,  is  seen  to  consist  of  transparent,  hexagonal, 
colourless  cells,  beneath  which,  either  singly  or  in  groups,  there 
are  round  cells  of  a  magenta  tiat,  and  beneath  these  again 
a  layer  of  columnar  cells,  and  near  the  lower  surface  a  loose 
parenchyma.  The  hairs  are  simple,  appearing  scantily  on  the 
upper,  but  profusely  on  the  lower,  surface;  each  ia  composed  of 
from  four  to  five  joints  or  cells,  and  has  as  its  base  a  magenta- 
coloured  cell.  The  small  leaves  just  below  the  seed-case,  and 
the  latter  itself,  are  studded  with  glandular  hairs.  The  root  con- 
sists of  numerous  long  ^lender  fibres. 

§  92.  Chemical  Composition. — It  is  now  generally  accepted 
that  there  exist  in  the  foxglove  at  least  four  distinct  principles, 
— digitaline  (C^Hg^O^j),  digitoniiie  (CjiHsjOi-),  digitoxine 
(C3^HJJ0,),  and  digitaleine  (CoiH^oOn).  These  are  all  probably 
derivatives  of  digitaline. 

(1.)  Sigita/inc  (V^Ugfi.^-),  when  perfectly  pure,  forms  fine, 
white,  glittering,  hygroscopic  needles,  or  groups  of  crystalline 
tufts;  it  is  without  smell,  but  possesses  a  bitter  taste,  which  is 
at  once  of  slow  develo|)uient  and  of  long  endurance.  On  warm- 
ing it  becomes  soft  under  100°C.,  and,  above  that  temperature, 
is  readily^  decomposed  with  evolution  of  white  vapours.  It 
dissolves  But  slightly  even  in  boiling  water,  and  is  quite  iosolnble 
in  ether  and  benzole;  1^  p&T^  o?  cotd,  and  6  of  boiling,  alcohol 
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of  90  per  cent,  dissolve  one  of  digitaline ;  chloroform  dissolves 
it  in  idl  proportions.  Dilute  hydrochloric  or  sulphuric  acid  de- 
oompose  it  into  glucose  and  digitaletine  (C42HQo0^g) ;  if  the  action 
ifl  prolonged,  digitaleretine  (Oao^50^io)>  ^^^  finally  dehydrated 
digitaleretine  (OoQH^g^e)  ^^^  formed.  Concentrated  sulphuric  acid 
dissolves  it  with  the  production  of  a  green  colour,  which  by 
bromine  passes  into  red,  but  on  the  addition  of  water  becomes 
again  green.  Hydrochloric  acid  dissolves  it  with  the  production 
of  a  greyish-yellow  colour,  passing  gradually  into  emerald  green; 
water  precipitates  from  this  solution  a  resinous  mass. 

(2.)  Digikmine  is  white,  amorphous,  and  soluble  in  water  in 
every  proportion;  its  aqueous  solution  froths.  Absolute  alcohol 
dissolves  it  in  the  cold  with  difficulty,  more  easily  upon  warming, 
but  the  best  solvent  is  a  mixture  of  chloroform  and  alcohol.  It 
appears  to  have  somewhat  the  chemical  characters  of  saponin. 

(3.)  Digitoodne,  according  to  Semiediberg  {Pharm,  Joum,  Trans. 
[3],  V.  741-743),  is  only  present  in  the  proportion  of  one  part  to 
every  10,000  of  the  dried  leaves.  It  may  be  obtained  in  crystals 
by  extracting  the  dry  exhausted  leaves  with  alcohol  of  50  per 
cent.,  jMrecipitating  with  lead  acetate,  and  washing  the  precipitate 
first  with  a  dilute  solution  of  sodium  carbonate  (to  remove 
oolonring  matter),  and  then  with  ether,  benzine,  and  carbonio 
disnlphide,  in  all  of  which  it  is  insoluble;  on  decomposing  the 
lead  compound,  digitoxine  may  be  obtained  in  colourless  scales 
or  needle^aped  crystals. 

(4.)  Digitaleine  is  a  colourless,  amorphous  body,  soluble  in 
chloroform,  alcohol,  and  water,  but  insoluble  in  benzine;  its 
tolation  has  a  sharp,  bitter  taste,  and  froths  on  shaking. 

The  main  interest,  from  a  medico-legal  point  of  view,  however, 
concentrates  itself  more  upon  the  properties  of  commercial  digi- 
taline, which  often  consists  of  an  equal  mixture  of  the  four  bodies 
and  iheii  decomposition  products.  There  are  at  least  two  kinds 
of  digitaline  in  commerce;  one,  the  German,  containing  true 
digitaline,  composed  of  from  2  to  3  per  cent,  of  digitonine  and 
digitaleine,  and  soluble  in  water ;  the  other,  the  so-called  French, 
soluble  in  water  with  difficulty,  and  containing  digitaline, 
digitoxine,  and  an  inactive  substance,  which  has  been  named 
digiline. 

The  general  behaviour  of  the  four  bodies  to  reagents  is  as 
fellows: — Concentrated  hydrochloric  acid  colours  crystallised 
digitaline  yellow-green;  amorphous  digitaleine,  light  yellow;  digi- 
tonine, on  boiling,  garnet  to  violet-red;  digitoxine,  yellow-green. 
Concentrated  sulphuric  acid  dissolves  digitaline  green- brown; 
digitaleine,  reddish  brown;  digitoxine,  green  to  blackAycQ.^\i.\ 
digitonine,  brown-red.     The  last  is  dissolved  h^  dalxjA.^  ^>i\:^^^^ 
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acid  [1:3]  witliout   colour,  ami   the  same   remark   appUi 
liydrocliloric  acid;   on  witrming  witli  either  of  these  acids,  a 
violet-red  colour  appears;  this  reaction  thus  serves  to  diatinguisk 
digitoniuo  from  the  three  tither  conatitueats,  as  well  as  from 
sapomn. 

Sulphuric  and  gallic  acids  colour  the  glucosides  of  digitalin^ 
digitaleine,  and  digitonine,  red,  but  not  digitoxine,  wtuch  em 
be  identiiied  in  this  way. 

Sulphuric  acid  and  bromine  give  with  digitalioe  a  red,  and 
with  digitaleine  a  violet  coloration,  which,  on  the  addition  of 
water,  change  respectively  into  emerald  and  light  green.  This, 
the  moat  important  chemical  test  we  possess,  is  sometiuies  aUled 
GrandeuiLi  teat ;  it  is  not  of  great  delicacy,  the  limit  being  about 
■1  Higrm, 

§  'J3,  Pharmaceuiical  }'rej>anUion»  of  Di^laline. — Digitaline 
itself  is  officinal  in  the  French,  British,  and  Austrian  pharma- 
copeias. It  is  prepared  in  our  own  by  making  a  strong  Unctore 
of  the  leaves  at  120°F. ;  the  spirit  is  then  evaporated  o^,  Mid  the 
extract  heated  with  acetic  acid,  decolorised  by  animal  charcoal, 
and  tiltereil.  Aftcv  uciitvalisatioii  ividi  ammotiia,  the  digitaUnt 
is  precipitated  with  tannic  acid,  and  the  tannate  of  digitaline 
resolved  into  tannato  of  lead  and  free  digitaline,  by  rubbing  it 
with  oxide  of  lead  and  spirit. 

Digitalis  leaf  is  officinal  in  moat  of  the  pharmacopeias. 

Tincture  of  digitalis  is  officinal  in  our  own  and  all  the  Con- 
tinental pharmacopeias,  and  an  ethereal  tincture  is  used  in 
France  and  Germany. 

Auj^ceJurntfi^ito^M  is  officinal  in  the  Netherlands  and  Germany; 
an  extract  and  infusion  are  also  used  to  some  extent 

With  regard  to  the  nature  of  the  active  principle  in  these 
different  prei)aration3,  according  to  Dragendorff,  digitonine  and 
digitaleine  are  most  plentiful  in  the  acetic  and  aqueous  pre- 
pai-ations;  whilst  in  the  alcoholic,  digitaline,  digitoxine,  and  digi- 
taleine are  present. 

5  94.  Fatal  Dose. — It  is  difficult  to  say  what  would  be  the 
minimum  dose  of  commercial  digitaline,  or  its  equivalent,  neces- 
sary to  destroy  life,  but  it  is  usually  placed  at  about  i  mgrms., 
or  j'j  of  a  grain. 

§  95.  Detection  of  the  Active  Principle  in  Organic  Mailers,  &c. — 
In  a  case  of  poisoning  by  digitaline,  or  the  officinal  preparations 
of  digitalis,  a  remnant  nndecomjiosed  may  be  found  in  the 
stomach  or  first  portion  of  the  intestines;  but  any  attempt  at 
extraction  from  the  tissues  or  the  blood,  if  not  absolutely  hope- 
Jess,  does  not  offer  much  probability  of  success.  The  great  and 
waential  precaution  in  Bee.Ti:^iux%  ^ut   dv^ltaline    is,    never  to 
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allow  the  temperature  to  exceed  50°C.;  if  an  extract  is  once 
heated  to  lOO^C,  decomposition  and  loss  may  ensue.  The  con- 
tents of  the  stomach  are  filtered  through  linen,  pressed,  and  their 
bulk,  if  necessary,  reduced,  by  placing  the  organic  fluid  in  a 
large  evaporating  basin,  exposed  either  to  a  current  of  air  or  to 
a  heat  of  about  40°C.  To  this  concentrated  extract  acetic  acid 
is  added  to  the  extent  of  about  50  per  cent.,  and  the  acid  watery 
extract  shaken  up  with  petroleum  ether  (which  removes  none  of 
the  glncosides,  but  many  impurities),  and  then  with  benzine, 
which  may  be  warm.  The  benzine  thus  obtained  is  best  allowed 
to  evaporate  spontaneously,  and  may  leave  the  substances  pure 
enough  to  respond  to  tests.  Digitaline  can  be  separated  from 
digitaleine  by  chloroform,  which  dissolves  out  the  latter,  with  a 
little  only  of  the  former. 

§  96.  Physiological  Tests, — Before  the  discovery  of  the  bromine 
reaction,  it  was  considered  that  the  active  principles  of  the  fox- 
glove could  only  be  identified  by  physiological  tests;  and  although 
the  same  necessity  does  not  now  exist,  yet  such  tests  are  still 
usefuL 

The  local  application  of  digitaline,  with  its  associates,  produces 
irritant  effects.  If  applied  to  the  eye,  there  is  inflammation 
and  slight  irritation  of  the  pupil.  Hypodermic  injections  may 
also  excite  an  erysipelatous  inflammation. 

Digitaline  has  a  specific  and  very  peculiar  action  upon  the 
heart,  which  may  be  conveniently  studied  for  forensic  purposes 
on  a  frog.  If  the  experimenter  has  never  witnessed  the  action 
of  the  drug  on  the  heart  of  the  frog,  it  will  be  judicious  to  place 
two  frogs  under  glass-shades,  poisoning  the  one  with  commercial 
digitaline,  and  using  exactly  the  same  weight  (or,  if  impure,  a 
little  more)  of  the  unknown  substance  to  the  second  frog. 

Drs.  Fagge  and  Stevenson  have  shown*  that,  under  the 
influence  of  digitaline,  there  is  a  peculiar  form  of  irregularity  in 
the  beats  of  the  heart  in  the  frog ;  the  ventricle  ultimately  stops 
in  the  white  contracted  state,  the  voluntary  power  being  retained 
for  fifteen  to  twenty  minutes  afterwards;  in  very  hu'ge  doses 
there  is,  however,  at  once  paralysis. 


XIIL— COLCHICUM. 


§  97.  The  whole  of  the  Colchicum  autumncUey  or  common 
moBMlow-saffron,  is  poisonous,  owing  to  the  presence  of  an  alkaloid 
(discovered  by  Pelletier  and  Caventou)  called  Colchicine. 

*  Ouifs  HospUal  Reports^  3d  Buries,  vo\.  *»!.)  >  7^. 
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According  to  Johannson's  experiments,  the  dried  colchicnn 
Bseda  contain  1-15  per  cent,  of  colchicine;  tbe  leaves,  1-459  per 
cent;  the  bulbs,  from  14  to  138  per  cent.;  and  tba  roots.  0-634 
per  cent.  The  frequent  poisoning  of  cattle  in  the  autumn  by 
colohicuHi,  its  use  in  quack  pills  for  rbenmatism,  and  ita  supposed 
occasional  presence  in  beev,  give  it  an  ftualytiml  importance. 

§  98.  Colchieine,  CijHifiNOj,  may  be  extracted  from  the  seeds, 
&,c.,  in  the  manner  recommended  by  Hiibler : — The  seeda  are 
treated,  without  crushing,  by  hot  90  per  cent,  nlcohol,  and  the 
alcoholic  solution  evapoi-ated  to  a  syrttp,  which  is  diluted  witb 
twenty  times  its  bulk  of  water  and  filtered;  the  liquid  is  nest 
treated  with  acetate  of  lead,  again  filtered,  and  the  lead  thrown 
out  by  phosphate  of  soda.  Colohioino  is  now  precipitated  lu 
n  tannate,*  the  formula  of  which,  according  to  Hiibler,  in 
3CijHiflNOj2C2jHj^OiT.  The  precipitation  is  best  fractional,  the 
first  and  last  portions  being  rejected  as  containing  impurities. 
Tho  tannate  is  decomposed  in  the  usual  vay  with  litharge,  and 
exti-actod  by  nlcohol. 

A  sini|ilei-  methotl  is,  however,  extractioTi  \iy  chloroform  from 
an  nqiieous  solution,  feebly  aciditied.  as  reconi mended  l>v  r>i-H;;"ti- 
dorff.  The  parts  of  the  plant  nre  digcste.l  in  ve.-_v  dilute  :,eid 
water,  and  the  resulting  solution  concentrated  and  shaken  up 
with  chloroform,  which  is  best  done  in  the  fiosk  figured  and 
described  at  p.  74. 

Colchicine  is  usually  obtained  as  a  yellowiah-white,  gummy, 
or  resinous  mass,  but  it  is  also  jiosaible  to  obtain  it  in  crystalline 
needles  and  prisms.  It  softens  at  130°,  and  at  140°  melts  ;  dis- 
solves slowly  but  in  every  pro|iortion  in  water ;  the  solution 
is  neutral.  It  dissolves  easily  in  spirit.  Pure  colchicine  is 
said  by  Hiibler  not  to  dissolve  in  ether — a  statement  contrm- 
dictcd  by  Gciger  and  Hesse,  with  whom  Dragendorfl'agreea,  and 
adds,  that  it  is  also  soluble  in  benzine,  amyl  alcohol,  and  chloro- 
form, but  not  in  petroleum  ether.  Dilute  acids  and  alkalies  dis- 
solve it,  the  solution  becoming  slowly  or  quickly  coloured 
intensely  yellow,  whilst  a  decomposition  takes  place.  Boiling 
with  dilute  acid,  and  also  the  protracted  action  of  baryta  water 
in  closed  tubes,  forms  eolc/ideine.  Concentrated  potash-lye  gives, 
upon  beating  with  it,  a  brown  resinous  .substance. 

Colddceine  crystallises  in  needles,  or  in  glittering  plates,  and 
tastes  less  bitter  than  colchicine;  it  melts  at  155",  dissolves  but 
little  in  cold,  copiously  in  boiling  water ;  is  soluble  in  chloroform, 

*  The  purest  tannic  acid  must  be  used.  The  commercial  tannin  majba 
purified  by  cvaporatini;  to  dryneaa  with  litharge,  eihamting  tbe  tannaU  of 
read  rcjieatedJy  with  boiling  alcohol  and  water,  am!,  lastly,  snsp*!idiii'  in 
water,  andseparating  tba  lead  \i3  Si\lt. 
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methyl  and  ethyl  alcohols,  bub  soluble  with  difficulty  in  ether. 
It  appears  to  be  an  acid,  forming  salts  with  the  alkalies;  its 
precipitants  are — tannic  acid,  phosphomolybdic  acid,  picric  acid, 
chloride  of  gold,  &c 

Colchiceine  gives  a  remarkable  series  of  colours  with  the  in- 
organic acids,  a  property  which  may  be  utilised  as  a  test  either 
for  the  presence  of  colchicine,  or,  conversely,  for  the  presence  of 
mineral  acid  in  such  liquids  as  vinegar,  &c.  Concentrated 
nitric  acid  of  1*4  specific  gravity  colours  either  colchiceine  or  col- 
chicetine  violet-blue,  changing  into  yellow,  and  lastly  passing  into 
green.  If  the  violet  solution  is  diluted  with  water  it  becomes 
yellow,  and,  on  the  addition  of  soda,  a  beautiful  orange-yellow  or 
red.  Concentrated  sulphuric  acid  dissolves  colchiceine  with  an 
intense  yellow,  and  if  to  this  solution  a  drop  of  nitric  acid  be 
addedy  a  dark  brown  zone  is  produced,  passing  gradually  through 
violet  and  brown  into  yellow. 

The  action  of  acids  is  also  very  distinctive,  although  slightly 
different  in  the  case  of  an  acid  directly  added  to  an  infusion  of 
the  seeds.  Thus,  if  a  little  colchicine  be  exti*acted  by  alcohol 
and  water  from  a  few  grains  of  the  seeds,  and  the  yellowish 
solution  diluted  imtil  the  colour  is  scarcely  perceptible,  con- 
centrated sulphuric  or  nitric  acid  gives  a  very  pronounced 
yellow,  which  a  drop  of  HCl  changes  to  a  blue- violet.  Nitric 
add  dropped  into  another  portion  of  the  same  solution  con- 
centrated, with  the  addition  of  a  fragment  of  sodium  acetate, 
develops  an  orange  colour. 

The  precipitants  of  colchicine  are,  chiefly,  chloride  of  gold  and 
phosphomolybdic*  and  tannic  acids ;  picric  acid,  potassio-cadmic 
iodide,  and  potassio-hydrargyric  iodide  give  no  precipitate. 
Chlorine  water  causes  in  a  watery  solution  of  colchicine  a  yellow 
precipitate,  which  dissolves  in  ammonia  with  an  orange  colour. 

§  99.  Pharmaceutical  Preparations, — Colchicine  itselt  is  officinal 
in  Austria ;  the  wine  in  the  British,  French,  and  Dutch,  and  the 
seeds  themselves  in  all  the  pharmacopeias.  The  wine  of  colchi- 
cum,  officinal  in  nearly  all  the  pharmacopeias,  is  made  with  very 
different  proportions  of  seeds  or  bulbs,  as  the  table  on  next 
page  shows. 

The  tincture  of  colchicum  is  officinal  in  our  own  and  in  all  the 
Continental  pharmacopeias;  in  the  British,  2^  oz.  of  seeds  are 
exhausted  by  20  oz.  of  proof  spirit. 

A  tincture  of  colchicum  seeds,  examined  by  Johannson,  con- 
tained '12  per  cent,  of  colchicine,  and  a  tincture  prepcu:ed  from 
the  bulbs  *14  per  cent. 

*  It  ii  naeful  to  know  that  the  phosphomolybdate  of  cololivdii^  ^«^iS\. 
the  oolonr  reaetions  of  pure  colchiceine. 


.   UAKUAL  OF 


1^ 

1 

i 

6          S 

Powdered  Seed*. 

10 

10 

10  oi. 

„    Malflccuae,. 

„    Xereuse.     .         . 

100 

... 

)S)fld.;t. 

100       100 

Spirit-rectifical. 

10 

Colcliicum  vinegar  is  not  officinal  in  Britain,  Imt,  one  costaift- 
ing  5-4  per  cent,  of  acetic  acid  is  so  in  the  Netherlands,  0«miaiij, 
and  France;  the  strength  appears  to  he  about  '095  per  cent,  ti-^ 
colchicine.  * 

An  extract  of  colcliicum  is  officinal  iii  Britain  and  Prance, 
and  an  acetic  extract  in  Britain;  tLe  latter  is  the  most  active  of 
all  the  pharmaceutical  preparations  of  cokhicum. 

Lastly,  an  oxymel  of  colchicwm  ia  in  nse  in  Germany,  France, 
and  the  Netherlands. 

Quack  and  Patent  Medicines. — In  all  specifics  for  gout  the 
analyst  will  naturally  search  for  colchicum.  Most  gout  pills 
contain  the  extracts;  and  liquids,  such  as  "Reynolds'  gout 
specific,"  tlifi  wine  or  the  tincture  variously  flavoured  and 
disguised. 

§  100.  Fatal  Dose. — The  probable  poisonous  dose  of  colchicum 
maybe  fairly  predicted  from  the  cases  detailed  in  Arehiv.Jvr 
Pharmacie,  Bd.  131,  p.  1.;  Husemann's  "  Toxicol ogie,"  and 
Taylor's  "  Principles  of  Medical  Jurisprudence."  In  the  latter 
work  is  mentioned  an  instance  in  which  3J  draclims  of  colchicniu 
wine,  taken  in  divided  doses,  caused  death  on  the  fourth  day. 
The  quantity  of  the  active  principle  in  the  colchicum  wine,  as 
found  by  Johannson  {Droi/endorff')  being  O'lS  per  cent.,  it 
follows  that  -378  of  a  gi-nin  (or  -0214  grm.)  was  &tal,  though 
not  given  as  one  dose.  In  any  niedico-legal  case,  the  analyst 
should,  if  material  is  at  hand,  endeavour  to  ascertain  the  strength 
of  the  preparation  administered. 

§  101.  Sfparation  of  Colchicine  from  Organic  ifotters.— The 
solution  of  colchicine  ^om  the  stomach,  or  tissues  of  the  body, 
is  best  effi;cted  by  estraction  with  alcohol,  filtration,  and  con- 
centration of  the  resulting  filtrate  by  evaporation.  When  cool 
it  is  acidified  and  abakeii  w^  «civ%i«.l  times  with  petroleum  ether, 
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which  will  not  dissolve  the  colchicine,  but  will  remove  some  of 
the  impurities.  After  separation  of  the  petroleum  ether,  the 
solution  is  shaken  up  with  chloroform,  the  latter  removed  in  the 
nsual  way,  agitated  with  pure  water  once  or  twice^  again  separ 
rated,  and  lastly  evaporated  to  dryness.  The  colchicine,  pro- 
bably mixed  with  colchicetine,  will  now  be  in  a  pure  enough 
state  to  admit  of  the  successful  application  of  tests. 

In  cases  of  poisoning  by  colchicum  at  Berlin,  Wittstock  used 
the  following  process : — The  contents  of  the  stomach  were  mixed 
with  a  large  amount  of  alcohol,  a  few  drops  of  HCl  added,  and 
the  whole  well  shaken;  the  fluid  was  then  filtered,  and  the 
filtrate  evaporated  to  a  syrupy  consistence  at  37^0.  The  result- 
ing residue  was  dissolved  in  distilled  water,  the  fat^  &a,  filtered 
off,  and  the  liquid  carefully  evaporated.  From  the  extract 
foreign  matter  was  again  separated  by  treatment  with  alcohol  and 
filtration,  and  the  last  filtrate  was  evaporated  to  a  syrupy  con<- 
sistence.  The  syrupy  fluid  was  taken  up  by  distilled  water, 
filtered,  evaporated  to  30  grms.,  and  2  gi*ms^  of  calcined  magnesia 
with  90  grms.  of  ether  were  added.  After  a  time,  the  ether  was 
removed,  and  allowed  to  evaporate  spontaneously.  The  residue 
was  once  more  taken  up  with  water,  filtered  from  fat,  &c.,  and 
evaporated.  This  final  residue  gave  all  the  reactions  of  col- 
chicine. In  medico-legal  researches,  it  must  be  remembered  that 
colchicine  is  absorbed  but  slowly,  a  nort  insignificant  portion 
remaining  in  the  bowels,  and  being  excreted  with  the  fseces. 

The  quantitative  estimation  of  colchicine  may  be  made  gravi- 
metrically  by  evaporating  to  dryness  its  solution  in  chloroform ; 
or,  with  certain  precautions,  pharmaceutical  products  may  be 
titrated  with  Mayer's  reagent.  For  the  precipitation  by  the 
latter  to  be  complete,  it  is  absolutely  necessary  to  acidify  with 
sulphuric  acid,  and  to  do  so  in  a  proper  proportion,  and  with  the 
liquid  to  be  tested  of  a  certain  concentration.  Dragendorff 
recommends  one  part  of  colehicine  in  600,  to  contain  7  to  10  per 
cent  of  dilute  sulphuric  acid.  Wine,  tincture,  and  vinegar  of 
colchicum  require  evaporation  to  dryness,  extraction  with  water, 
and  lastly,  the  addition  of  the  sulphuric  acid.  1  cc.  of  Mayer's 
reagent  =  -0317  grm.  of  colchicine. 
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XIV.-BTBIRI.VE. 


5  102.  Bihirine  (also  named  Jivxin,  PeUain,  Bdttria)  is 
alkaloid  found  in  the  hark  of  the  Buxvs  $emfMrvireng,  the  Neelau- 
dra  HodifFt,  Schomb.,  tlie  root  of  the  Pareira  brava,  and  the  bark  of 
the  Cisaampelo»  pareira. 

The  general  principles  of  extrartion  are  :  treatment  with  acidu- 
lated Wiiter,  neutralisation  with  linne,  and  to  the  filtered  solu- 
tion the  addition  of  ammonia,  "which  throwa  down  an  impure 
hibirine.  The  alkaloid  is  afterwarda  purified  by  the  ordinary 
methods. 

Pareira  bark  is  aaid  to  be  -used  OM*sionally  for  the  purpose  of 
bitterin^  beer;  and  in  such  cases,  provided  Riifficient  beer  he 
taken,  the  separation  of  hibirine'  maj  bt)  possible,  but  the  per- 
centage of  the  alkaloid  found  in  the  bark  ia  very  Bmall.  Fliickip-r 
only  isolated  "5  per  cent. ;  the  root  contains  more,  vit,  from  i 
to  5  per  cent.  (Wfflffffr/i,) 

Pure  bibirine  (C|gH2,N0,,)  is  a  white,  lisibt.  amorphous  powder, 
becoming  electric  by  rubbing  at  100"C.;  it  loses  ti-'2  per  cent,  of 
water,  corresponding  to  one  and  a  half  H„0  ;  at  abont  145°  to 
1'48°C.  it  melts.  Its  taste  is  bitter,  and  it  nas  a  strong  alkaline 
reaction  ;  it  ia  very  little  soluble  in  cold  or  hot  water  (6600  parts 
cold,  1500  to  1800  parts  boiling),  requires  five  parts  of  absolute 
alcohol  and  thirteen  parts  of  ether  for  solution,  and  dissolves 
easily  in  chloroform,  aceton,  amyl  alcohol,  benzole,  and  bisul- 
phide of  carbon. 

Bibirine  unites  with  -acids,  hut  forms  uncrystalHsable  com- 
pounds only.  The  sulphate  is  found  in  commerce,  and  is  used  to 
a  small  extent  in  medicine  ;  it  occurs  in  dark -brown,  thin,  trans- 
lucent scales,  yellow  when  powdered,  and  having  a  stroRg  bitter 
taste. 

Solutions uf  the  saUs,  such  as  the  acetate,  give  »hite  -amor- 
phous precipitates  with  phosphate  of  soda,  nitrate  of  potash,  nitric 
acid,  iodide  of  potash,  mercuric  potassic  iodide,  and  corrosive  suU 
limate.  The  platinocyanurate  of  potash  gives  a  precipitate, 
which  after  a  little  time  becomes  crystalline.  Chlorides  of  gold  and 
platinum,  ferro  and  ferrid cyan  ides  of  potash,  sulphocyanide  of 
potash,  and  picric  acid,  all  give  coloured  precipitates.  Phosphu- 
molybdic  acid,  in  a  strong  acid  solution,  gives  a  yellowish  preci- 
pitate, which  dissolves  in  an  aqueous  solution  of  ammonia  with 
production  of  a  blue  colour. 
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XV. -LABURNUM. 

§  103.  The  laburnum  tree,  Cytisua  Uibumum,  so  common  in 
shrubberies,  is  intensely  poisonous.  The  flowers,  bark,  wood, 
seeds,  and  the  root  have  all  caused  very  serious  symptoms.*  The 
only  active  principle  hitherto  discovered  is  an  alkaloid  termed 
Cj^fmn, which  may  be  extracted  from  the  plant  by  water  acidu- 
lated with  sulphuric  acid,  neutralisation  with  lime,  subsequent 
treatment  of  the  filtrate  with  acetate  of  lead,  and  precipitation  by 
tannic  acid.  T«  obtain  the  alkaloid  pure,  it  is  finally  crystallised 
as  a  nitrate. 

§  104.  Cytisin,  C^^Hj^N^O,  is  in  white  radiating  crystals,  of  a 
bitter,  weakly  caustic  taste,  and  without  odour.  It  has  a  strong 
alkaline  reaction,  is  soluble  in  every  proportion  in  water,  and  is 
also  very  soluble  in  spirit.  It  scarcely  dissolves  in  anhydrouK 
ether,  chloroform,  benzole,  and  bisulphide  of  carbon.  It  may  be 
sublimed  at  164*5''C.  in  hydi'ogen,  in  the  form  of  very  long 
needles  and  small  leaflets ;  at  higher  temperatures  it  melts  to  a 
yellow  oily  fluid,  again  becoming  crystalline  on  cooling.  Cjrtisin 
is  one  of  the  strongest  bases  existing  in  plants;  it  precipitates  the 
earths  and  oxides  of  the  heavy  metals  from  solutions  of  the 
chlorides,  and  even  in  the  cold  expels  ammonia  from  its  com- 
binations. 

The  nitrate  of  cytisin  (C2PH27N3O2NHO3+  2H2O)  forms  large, 
thick,  transparent  monoelinic  prisms,  losing  the  water  of  crystal- 
lisation at  lOO*'  to  110^,  and  becoming  opaque  ;  it  has  an  acid  reac- 
tion. It  is  insoluble  in  ether,  and  almost  so  in  absolute  alcohol ; 
but  soluble  in  water  and  weak  spirit.  The  rest  of  the  salts  are 
easily  decomposed.  A  hydrochlorate  (C2QH27N3O4HCI  +  SHoO), 
a  platinum  salt  of  an  orange-yellow  colour  (C20H27N3O2HCI, 
2PtOL),  a  gold  salt,  at  first  yellow  and  flocculent,  but  later 
changing  into  needles  (C2oH27N302HCl,2AuCl3),  a  mercury  salt 
(C^Hj^NgOiHgCl),  and  many  others  can  be  obtained. 

Concentrated  sulphuric  acid  dissolves  cytisin  without  colour; 
if  to  the  solution  is  added  a  drop  of  nitric  acid,  it  becomes  orange 
yellow,  and  on  addition  of  a  crystal  of  potassic  bichromate,  first 
yellow,  then  dirty  brown,  and  lastly  green.  Concentrated  nitric- 
acid  dissolves  the  base  in  the  cold  without  colour,  but  on  warm- 
ing it  becomes  orange-yellow.    Picric,  tannic,  and  phosphomolybdic 

*  The  symptoms  induced  by  all  parts  of  the  plant,  save  the  root,  are  those 
of  aa  irritant  poison.  On  the  other  hand  (in  a  case  lately  detailed  by  l>r. 
Vallance,  BrU,  Med,  Joum.)  tifty-eight  boys  in  an  industrial  school,  who 
had  chewed  the  root  of  an  old  laburnum  tree,  all  showed  narcotic  symptoms, 
with  unequal  I  v  dilated  pupils ;  henoe  weXbay  infer  the  existeofie  oi  ^^^^x^a;^ 
subftanoe  in  the  root. 
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Aculs,  pntitsa.  mercuric  and  potass,  cadmium  iodides,  and  icidi: 
with  iodide  of  potash,  all  give  precipitates.  The  carbonates  iif 
the  alkalies,  the  caustic  alkalies,  and  chlorine  water,  with  chro- 
inate  of  potash,  give  no  precipitate.* 

FaCtU  Dose. — 1  to  3  centigram mea  ('15  to  '46  jtrain)  act  fatnUy 
in  do^s  and  cata.f  Peraiaa  insect  powder  is  said  to  be  prepan.'il 
from  laburnum. 
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§  105.  Oxalic  acid  and  binoxalate  of  potash,  from  their  extea-j 
sive  use  in  the  arts  and  tlieir  cheapness,^  frequentlf  come  and« 
the  notice  of  the  analyst  as  poisons. 

OsmUc  Acid,  H„C,dj2HjO  (90  +  36);  specific  gravity,  1-64 
(anhydrous,  CjHjOj,  occurs  in  commerce  in  priamatic  crystals, 
very  similar  to,  and  liable  to  be  mistaken  for,  eith'er  magnesic 
or  zincic  sulphates.  The  cryRtala  are  intenselv  acid,  eaailv 
soluble  in  wnter  (one  p.irt  re.'iuiriiig  !it  U'5^C.  10-46  parts  of 
water),  soluble  also  in  2i  parts  of  cold,  and  readily  in  boiling 
alcohol. 

An  aqueous  solution,  if  kept  at  IO0°C.,  loses  acidj  further. 
the  subliming  temperature  is  below  100°C. ;  consequently,  all 
heating  or  evaporating  operations  must  not  be  allowed  to 
exceed  98°C.,  or  there  will  be  some  loss.  At  lOO'C.  the  sub- 
limation is  very  alow,  but  rapid  and  complete  at  150*C., 
especially  if  aided  by  a  current  of  air.  The  beat  way  to  obtain 
the  anhydride  pure  for  analytical  purposes  is  to  put  a  sufiBcient 
quantity  of  the  acid  in  a  strong  flask,  clamp  it  (by  means  of  a 
caoutchouc  cork,  itc.)  to  a  Sprengel  pump,  and  sublime  in 
vacuo ;  in  this  way  a  sufficient  quantity  may  be  rapidly  sub- 
limed at  100°  to  llO'^C. 

The  effect  of  heat  is  first  to  drive  off  water,  then,  if  continued 
up  to  about  190°C.,  there  is  decomposition  into  carbonic  oxide, 
dioxide,  water,  and  formic  acid,  the  two  reactions  occurring 
simultaneously : — 

CjHjO,  =  COj  -f  CO  -^  H,0 
CjHjOj^COj  +  CHPy 
Heated  with  oil  of  vitriol  to  110°C.,  the  following  decom  posit  ion 
tukes  place : — 

HjC.O^  =  H5O  +  CO^  -1-  CO. 

*  Hnsemsnn,  Die  PflanieiiBtnffe,  p.  67. 
.     +  W.  illarmc,  JnhrtJibrr.  d.  Nafm:  O'l-ll.    Graub  (IS69),  liv.  219. 
i  Tie  ]iresent  price  of  oulic  acii'a  ai.  y«  Vu. 
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Oxalic  acid  decomposes  fluor  spar,  the  phosphates  of  iron,  silver, 
zinc,  copper,  and  the  arseniates  of  iron,  silver,  and  copper.  It 
may  be  used  to  separate  the  sulphides  of  iron  and  manganese 
from  the  sulphides  of  adnc,  cadmium,  uranium,  cobalt,  mercury, 
and  copper — dissolving  the  former,  not  the  latter.  Many  minerals 
and  other  substances  are  also  attacked  by  this  acid. 

If  a  solution  of  oxalic  acid  in  water  is  boiled  with  ammonio 
or  sodio  terehloride  of  gold  (avoiding  direct  exposure  to  light) 
the  gold  is  precipitated — 

SAuClg  +  3H,CjO^  =  6CO2  +  6HC1  +  Aug. 

When  black  oxide  of  manganese  (free  from  carbonate)  is  mixed 
with  an  oxalate,  and  treated  with  dilute  sulphuric  acid,  the 
oxalic  acid  is  decomposed,  and  carbon  dioxide  evolved — 

MnOji  +  Hfifi^  +  HjjSO^  =  MnSO^  +  2Kfi  +  SCO^. 

A  similar  reaction  occurs  with  permanganate  of  potash. 

If  to  a  solution  of  oxalic  acid  (which  may  be  neutralised  by  an 
alkali,  or  may  contain  free  acetic  acid),  a  solution  of  acetate  of 
lime  be  added,  oxalate  of  lime  is  thrown  down.  This  salt,  impor- 
tant in  an  analytical  point  of  view,  it  will  be  well  to  describe. 

$  106.  Oxalate  of  Lime  {C&Cfi Jip)y  one  part  =  1-0678  crystal- 
lised oxalic  acid,  or  "7457  of  OgO^.  This  is  the  salt  which  the 
analyst  obtains  for  the  quantitative  estimation  of  lime  or  oxalic 
acid  ;  it  is  not  identical  with  that  occurring  in  the  vegetable 
kingdom,  the  latter  containing  SHjO.  Oxalate  of  lime  cannot 
be  precipitated  for  quantitative  purposes  from  solutions  con- 
taining chromium,  aluminium,  or  ferric  iron,  since  somewhat 
soluble  salts  are  formed.  It  dissolves  in  solutions  of  magnesium 
and  manganese,*  and  citrate  of  soda,  and  is  also  decomposed  by 
boiling  with  sohitions  of  copper,  silver,  lead,  cadmium,  zinc, 
nickel,  cobalt,  strontium,  or  barium.  It  is  insoluble  in  sohi- 
tions of  chlorides  of  the  alkalies  and  alkaline  earths,  and  in 
water,  in  alkaline  solutions,  or  in  acetic  acid  ;  and  is  soluble  in 
mineral  acid  only  when  the  acid  is  strong  and  in  considerable 
excess.  It  is  unalterable  in  the  air,  and  at  100^0.  When 
carefully  and  slowly  ignited  it  may  be  wholly  converted  into 
carbonate  of  lime  ;  if  the  heat  is  not  properly  managed  (that  is, 
if  excessive),  caustic  lime  may  be  formed  in  greater  or  smaller 
quantity. 

§  107.  Use  in  the  Arts. — Oxalic  acid  is  chiefly  used  by  dyers 
and  calico-printers,  but  also  by  curriers  and  harness-makers  for 
cleaning  leather,  by  marble  masons  for  removing  iron  stains^  by 

*  Bat  it  is  reprecipitated  unaltered  by  excess  of  a\ks^«  Qixii2L».\ft. 
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workers  lu  straw  for  bleaching;  and  it  is  applied  to  various 
houseliold  purposes,  such  aa  the  whitening  of  boards,  the  remov- 
ing of  iron  mould  ii'om  linen,  tc.  The  binoxalate  of  potash  is 
usod  for  scouring  niutalH,  and  for  removing  ink  stains  from  linen. 

§  10):',  Fatal  Dose, — The  emaliest  dose  of  oxalic  acid  known  to 
have  deiitrayed  life  is,  according  to  Dr.  Taylor,  60  graina  (3'8(I 
gnus.) ;  but  recovery  has  taken  place,  ou  prompt  administration  of 
remedies,  an«r  eight  times  thin  quantity  had  been  swallowed. 

With  regard  to  oxalate  of  soJa,  or  binoxalate  of  potash,  half 
an  ounce  (14'2  grma.)  has  been  taken  without  fatiil  result, 
althougli  the  symptoms  were  ver;  aerlous ;  aud  it  may  bo  held 
that  about  that  quantity  would  usually  cause  death.  Oxalic 
ucid  is  not  used  in  medicine. 

$  109.  BinoxalalB  of  Potash,  KHCaO,  (H^O).  has  been  mistaken 
for  cream   of  tartar,   and   in  this  way  caused   death.     WLea 
heated  in  platinum  foil,  it  leaves  carbonate  of  potash,  which  mayi 
be  recognised  by  the  usual  tests.     On  aolntiou  it  is  acid 
aetion,  and  it  gives  a  precipitate  of  oxalate  ef  lime  wHb  a  sot,uti 
of  the  sulphate    or  at-etate  of  lime;  it  is  insoluble  is  aleoh 
'J'hc  above  reactions  are  iiiiite  sufficient   to  distiii'iuish  it   from 
ox>.lic  acid. 

5  110.  Oralic  Acid  in  l/ie  VegetM^  and  Animal  Kingdom*. — 
OiLalic  acid  is  vei'y  widely  distributed,  both  in  the  free  state  and 
in  combination  with  bases,  through  the  vegetable  kingdom.  In 
combination  with  potash  it  is  found  iu  the  Geranium  aeeCotum,  1^, 
iVptnoeia  oleracn,  L.,  I'hijtolaei^a  deeandra,  L.,  Sheum  paitnaiutH, 
L.,  Rumex  acetog,  Atropa  belladonna,  and  several  others;  in 
c  lUibination  with  soda,  in  diflerent  sjiecies  of  SaUola  and 
iSalicornia;  and  in  combination  with  lime,  in  most  plants. 
especially  in  the  roots  and  bark.  Many  Hcheas  contain  half 
their  weight  of  oxalate  of  lime ;  and  oxalic  acid,  either  free  or 
eombined  (according  to  the  ohservationa  of  Hamlet  and  Plow- 
right*),  is  present  in  all  mature,  non-microscopie  fungi- 
Oxalate  of  lime  may  be'  frequently  seen  by  the  aid  of  tlie 
microscope  in  the  cells  of  plants.  According  to  Schmidt,t  this 
crystallisation  only  takes  ])lace  in  the  fally  mature  cell,  for  in 
actively -growing  eells  tiie  oxalate  of  lime  ia  entir«ly  dissolved 
by  the  albumen  of  the  plant. 

In  the  animal  kingdomr  oxalic  acid  has  only  been  found  com- 
bined with  lime;  the  allontoic  liquor  of  the  cow,  the  urine  of 
man,  swine,  horses,  and  cats, J  may  be  mentioned  as  fluids  in 

*  Clifm.  Nf«:»,  vol.  XJ.XVJ.  il3. 
+  Attn.  Chem.  I'harm.,  Ixi.  297. 

;  OzaJtc  acid  it  said  to  b«  alwayi  pretent  io  (be  intcBtinal  contenta  of  the 
MMrjalltir. 
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which  oxalate  of  lime  ia  nearly  always  present.  With  regard  to 
human  urine,  the  presence  or  absence  of  oxalate  of  lime  greatly 
depends  upon  the  diet,  and  also  upon  the  individual,  some  pei'sons 
almost  invariably  secreting  oxalate8,whatever  the  food  may  be.. 

§  111.  Oxalic  Acid  as  a  Poison, — Oxalic  acid  destroys  life  with 
great  rapidity,  if  given  in  large  doses ;  the  acid  oxalate  of  potash, 
the  oxalate  of  soda,  and,  in  Sict,  so  far  as  is  known,  all  soluble 
oxalateB  are  poisonouSi  Should  the  oxalate  of  soda,  a  neutral, 
tasteless  salt,  be  given  for  a  long  time  in  moderate  doses,  it 
would  probably  cause  death,  and  there  would  be  great  difficulty 
in  obtaining  satisfactory  evidence  by  chemical  means.* 

In  all  diemico-legal  investigations  the  question  will  be  asked 
of  the  analyst,  whether  or  not  the  oxalic  acid  found  could  be 
naturally  introduced  in  articles  of  food,  such  as  sorrel,  rhubarb, 
vegetables,  &c  The  answer  to  this- will  partly  depend  upon  the 
quantity  found,  and  the  history  ef  the  particular  case,  whilst  the 
diagnosis  of  poisoning  by  oxalic  acid,  or  an  oxalate,  must  tiirn 
in  great  part  upon  the  pathological  changes  after  death,  and  the 
symptoms  during  life.  As  a  rule,  it  will  be  found  that — no 
matter  how  corroded  the  state  of  the  stomach — if  the  gullet 
should  be  healthy,  oxalic  acid  will  not  be  present,  for,  in  nearly 
all  recorded  cases,  the  mucous  membrane  of  the  gullet  has  been 
more  or  less  extensively  destroyed  or  changed.  The  same 
remark  applies  to  salt  of  sorrel  (binoxalate  of  potash^-  On 
the  other  hand,  when  the  fatal  dose  has  been  small,  or  a 
succession  of  small  doses  has  brought  about  a  fatal  result,  the 
gullet  may  be  perfectly  normal,  and  this  valuable  indication 
thus  wanting.  It  will  then  be  necessary  to  examine  the  blood 
by  the  spectroscope ;  for  in  Eulenberg's  experiments  the  blood 
of  the  animals  {>oi8oned  invariably  gave  the  spectrum  of  acid 
hemoiUn, 

The  urine,  if  possible,  should  also  be  examined  for  oxalates, 
since  it  is  certain  that  if  oxalic  acid  (free  or  in  combination)  is 
taken  into  the  system,  the  main,  perhaps  the  only,  channel  of 
excretion  is  through  the  kidneys. 

The  external  application  of  oxalic  acid  does  not  appear  to 
cause  illness;  workmen  engaged  in  trades  requiring  the  constant 

*  Mohr  says  very  tmly — "  Oxalic  acid  is  the  more  danfferous,  becanse  its 
neatral  alkau  salts  (especially  oxalate  of  soda)  are  colourlesa  and  tasteless  ; 
in  a  mixture  of  fluids  the  whiteness  of  the  latter  would  disappear,  and  it 
would  gradually  dissolve.  The  action  of  small  doses  is  cumulative.  The 
skilled  poisoners,  Bocarm§,  Dr.  Palmer,  U  Pommerais,  Dr.  Trumpi,  gave 
themselves  great  trouble  to  render  difficult  the  discovery  of  poison  by  the 
expert,  in  using  nicotine,  strychnine,  and  digitalis,  whilst  oxalate  of  soda,  a 
noiaon  at  once  more  difficult  to  discover  and  easier  to  administer,  was  at 
hand."—*'  Chemische  Toxicologie,"  p  107. 
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use  of  the  acid  often  have  the  nails  white,  opaque,  aad  brittle  ; 
but  no  direct  injury  to  health  is  on  record. 

Ewlenberg  has  experimented  by  pigeons  on  the  action  of  oxalic 
add  when  breathed.  In  one  of  hia  expcriroeotit,  -75  gnu,  of  the 
ucid  was  volatilised  into  b.  glass  shade,  in  which  a  pigeon  had 
been  placed;  after  this  Imd  been  done  five  times  in  two  minutes, 
there  was  uneasineas,  ehalung  of  the  head,  and  cough,  with 
increased  mucous  secretion  of  the  nasal  membrane.  On  cou- 
tinuing  tlie  traitamiaaion  of  the  vapour,  after  eight  minutes  ther« 
was  again  restlessneHS,  shaking  of  the  head,  and  cough ;  af^er 
eleven  minutes  the  bird  fell,  -and  waa  convulsed.  On  discon- 
tinuing the  sublimation  it  got  up,  and  moved  freely,  but  stiowed 
respiratory  irritation.  On  the  Beoond  day  after  the  experiment, 
it  waa  obaerred  that  the  bird's  note  was  hoarse,  ou  the  fourtli 
day  there  waa  alownesB  of  the  heart's  action  and  refusal  of  food, 
and  on  the  sixth  day  the  bird  was  found  dead.  Examination 
nftcr  death  showed  slight  injection  of  the  cerebral  membranes; 
the  cellular  tissue  in  the  neighbourhood  of  the  trachea  contained 
in  certain  places  extraviLHationa  of  blood,  -sarjing  from  the  sizc 
of  a  pea  to  that  of  a  jicnny ;  the  imieous  membrane  of  the  laryiii 
and  trachea  was  swollen  and  covered  with  a  thick  cronpous 
layer;  the  lungs  were  jiartially  bepatised,  and  the  pleura 
thickened;  the  crop  as  well  as  the  true  intestines  still  contained 

§  112.  Separation  from  -Organic  Matters,  ic, — When  oxalic 
acid  has  been  taken  into  the  stomach,  it  will  invariably  be  found 
])artly  in  combination  with  lime,  soda,  ammonia,  ic,  and  partly 
free;  or  if  auch  antidotes  as  chalk  have  been  administered,  it  mav 
be  wholly  combined.  Vomiting  is  nearly  always  present,  and 
valuable  evidence  of  oxalic  acid  may  be  obtained  from  stains  on 
sheets,  carpets,  ic.  In  a  recent  case  of  probably  suicidal  poison- 
ing, the  writer  found  no  oxalic  acid  in  the  contenta  of  the 
stomach,  but  some  was  detected  in  the  copious  vomit  which  had 
stained  the  bedclothes.  The  urine  also  contained  a  great  excess 
of  oxalate  of  lime— a  circumatanco  of  little  value  taken  by  itself, 
but  confirmatory  with  other  evidence.  If  a  liquid  is  strongly 
acid,  oxalic  acid  may  be  separated  by  dialysis  from  organic 
jnattora,  and  the  clear  fluid  th»s  obtained  precipitated  by  sul- 
phate of  lime,  the  oxalate  of  lime  being  identified  by  its  micro- 
scopic form  and  its  other  characters. t 

The  usual  general  method  for  the  separation  of  oxalic  acid 
from  organic  subatancea  or  mixtures  is  the  following; — Extract 

1  alcohol  may  be  taken 
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with  boiling  water,  filter  (which  in  some  cases  must  be  difficult 
or  even  impossible),  and  then  precipitate  with  acetate  of  lead. 
The  lead  precipitate  may  contain,  besides  oxalate  of  lead,  phos- 
phate, chloride,  sulphate,  and  various  organic  substances  and 
acids.  This  is  to  be  decomposed  by  sulphuretted  hydrogen,  and 
in  filtering  off  the  sulphide  of  lead,  exalic  acid  is  to  be  tested  for 
in  the  filtrate.  This  process,  however,  can  only  be  adopted  with 
advantage  in  a  few  cases,  and  is  by  no  means  to  be  recommended 
as  genendly  applicable.  The  best  general  method,  and  one  which 
ensures  the  separation  of  oxalic  acid,  whether  present  as  a  free 
acid,  as  an  alkaline,  or  a  calcic  oxalate,  is  perhaps  the  following : 
— The  substance  or  fluid  under  examination  is  digested  with 
hydrochloric  acid  until  a  fluid  capable  of  filtration  is  obtained; 
the  free  acid  is  neutralised  by  ammonia  in  very  slight  excess, 
and  permitted  to  deposit,  and  the  fluid  is  then  carefully  decanted, 
and  the  deposit  thrown  on  a  filter.  The  filtrate  is  added  to  the 
decanted  fluid,  and  precipitated  with  a  slight  excess  of  acetate  of 
lime,  this  precipitate,  like  the  first,  being  collected  on  a  filter. 
The  first  precipitate  contains  all  the  oxalic  acid  which  was  in 
combination  with  lime;  the  second,  all  that  which  was  in  the 
free  condition.  Both  precipitates  should  be  washed  with  acetic 
acid. 

The  next  step  is  to  identify  the  precipitate,  which  is  supposed 
to  be  oxalate  of  lime.  The  precipitate  is  washed  into  a  beaker, 
and  dissolved  with  the  aid  of  heat  by  adding,  drop  by  drop,  pure 
hydrochloric  acid  ;  it  is  then  reprecipitated  by  ammonia,  and 
allowed  to  subside  completely,  which  may  take  some  time.  The 
supernatant  fluid  is  decanted,  and  the  precipitate  washed  by 
subsidence;  it  is  lastly  dried  over  the  water-bath  in  a  tared 
porcelain  dish,  and  its  weight  taken.  The  substance  is  then 
identified  by  testing  the  dried  powder  as  follows ; — 

(a.)  It  is  whitish  in  colour,  and  on  ignition  in  a  platinum 
dish  leaves  a  grey  carbonate  of  lime.  All  other  organic  salts  of 
lime — ^viz.,  citrate,  tartrate,  &c. — on  ignition  become  coal-black. 

(6.)  A  portion  suspended  in  water,  to  which  is  added  some 
sulphuric  acid,  destroys  the  colour  of  permanganate  of  potash — 

2KMn04  +  SCaHjO^  +  SHjSO^ 
=  KjjSO^  +  2MnS04  +  dCaSO^  +  6Kfi 

a  reaction  by  which,  as  is  well  known,  oxalic  acid  or  an  oxalate  may 
be  conveniently  titrated.  This  reaction  is  so  peculiar  to  oxalic 
acid,  that  there  is  no  substance  with  which  it  can  be  confounded. 
It  is  true  that  uric  acid  in  an  acid  solution  equally  decolorises 
permanganate,  but  it  does  so  in  a  different  way;  the  reaction 
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between  oxalic  acid  and  permanganate  being  at  Grst  slow,  and 
nfterwards  rapid,  while  the  reaction  with  uric  acid  is  just  th.- 
reversp— at  first  <^uick,  and  towarda  tlie  end  of  the  process 
extremely  slow, 

(r.)  A  portion  placed  in  a  test-tube,  and  warmed  with  con- 
cpntrated  sulphuric  acid,  derelopa  on  warming  carbonic  oude 
nnd  carbonic  dioxide;  the  prceeoce  of  the  latter  is  easily  shown 
by  adapting  a  cnrk  and  bent  tube  to  the  tcst-tube,  and  leading 
ihfi  evolved  gases  through  baryta  water. 

§  113.  Oxalate  of  Lime  in  the  f'rin^.—TUiB  well-known  urinary 
Hediment  occurs  chiefly  ae  octahedra,  but  hour-glass,  contract«d  or 
ititmb-bell-like  bodies,  compound  octahedra,  and  sinall,  flattenei), 
bright  discs,  not  unlike  blood  discs,  are  frei^uonUy  seen.  It 
may  be  usually  identified  under  the  field  of  bb«  microttcope  by 
its  insnjtihility  in  acetic  acid,  whilst  the  oinmonio  maji.  phosphate, 
!i8  well  as  the  carbonate  of  lime,  are  both  soluble  in  that  acid. 
From  unites  it  ia  distinguished  by  its  insolubility  in  warm  water. 
A  chemical  method  of  separation  ia  as  follows: — The  deposit  is 
freed  by  subsidence  aa  much  as  possible  from  urine,  washed  with 
hot  waler,  nnd  then  dissolv.fd  in  hydrt.ohloric  oeiJ  and  filtered  ; 
to  the  filtrate  ammonia  is  added  in  excess.  The  precipitate  may 
contain  phosphates  of  iron,  magnesia,  lime,  and  oxalate  of  lime. 
On  treatment  of  the  precipitate  by  acetic  acid,  the  phosphates  of 
the  alkaline  earths  (if  present)  dissolve,  the  insoluble  portion 
will  bo  either  phosphate  of  iron,  or  oxalate  of  lime,  or  both. 
On  igniting  the  residue  in  a  platinum  dish,  any  oxalate  will  be 
changed  to  carbonate,  and  the  carbonate  of  lime  may  be  titrateil 
with  d.  n.  HCl  acid  and  cochineal  solution,  and  from  the  data  thus 
obtained  the  oxalate  estimated.  The  iron  can  be  tested  qnali-  . 
tatively  in  the  acid  solution  by  ferrocyanide  of  jiotash,  or  it 
can  be  determined  by  the  ordinary  methods.  If  the  qualitative 
detection  of  oxalate  of  lime  is.  the  deposit  is  alone  required,  it  is 
quite  sufficient  evidence  should  the  poi-tion  insoluble  in  acetic 
acid,  on  ignition  in  a  platinum  dish,  give  a  residue  effervescing 
on  the  addition  of  an  acid. 

§  1 14.  EgtiTnation  of  Oxalic  Acid. — Oxalic  acid  is  estimatc>d  in 
the  free  state  by  direct  weighing,  or  by  titration  either  with 
alkali  or  by  potassic  permanganate,  the  latter  being  standardised 
by  oxalic  acid.  If  (as  is  commonly  the  case)  oxalic  acid  is  pre- 
cipitated as  oxalate  of  lime,  the  oxalate  may  be — 

(a.)  Dried  at  100°C.  and  weighed  directly,  having  the  pro- 
perties already  described. 

{b.)  Titrated  with  dilute  sulphuric  acid  and  pennangana,t«. 

(c)  Ignited,  and  the  resulting  carbonate  of  lime  weighed;  or 
diaaolved  in  staudard  add  Kud  \,\\.'n.V»].  backbone  part  of  calcic 
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carbonate  correflpouds  to  1*26  part  of  crystallised  oxalic  acid,  or 
'88  part  of  C^O^ ;  similarly,  1  cc.  of  standard  acid  equals  50  of 
calcic  carbonate  (or  63  of  crystallised  oxalic  acid). 

{d,)  The  oxalate  may  be  dissolved  in  the  smallest  possible 
amount  of  hydrochloric  acid,  and  boiled  with  ammonio  chloride 
of  gold,  avoiding  exposure  to  light;  every  part  of  gold  precipitated 
corresponds  to  *957  part  of  crystallised  oxalic  acid,  or  *4456 
}>art  of  oxalic  acid. 

(«.)  The  oxalato  may  be  placed  in  Geissler's  carbonic  acid 
apparatus,  with  peroxide  of  manganese  and  diluted  sulphuric 
acid.  The  weight  of  the  gas  which  at  the  end  of  the  operation 
has  escaped,  will  have  a  definite  relation  to  that  of  the  oxalate, 
and  if  multiplied  by  1*4318  will  give  the  amount  of  crystallised 
oxalic  acid. 


ANIMAL    POISONS:    ( 
A'NIMAL  MATTE 
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§  115.  Commercial  cautbari 
the  dried  and  powdered  blistc 
i^catoria).  The  most  comm< 
brown  fjowder,  containing  sh 
ciiutharidine  is  readily  extract 
driving  oft'  the  chloroform  b 
subsequently  treating  the  ex 
which  dissolves  tlie  fatty  mal 
dine  may  be  rccrystallised  fi 
about  4  per  cent. 

§  IIG.  Cant/iariJine  (C-H^jC 
Riglit-anglud  four-sided  columi 
being  beset  with  needles ;  an 
alcohol  (1)9  per  cent.)  dissol 
bisulphide  of  carbon,  at  tht 
ether,  '11  part;  chloroform,  ". 
it  is  almost  completely  insoh 
be  completely  sublimed,  if  plao 
at  p.  284),  floating  on  mercur 
may  be  obtained  at  so  low  a  f 
and  above,  the  sublunation  ii 
suddenly  heated  it  molts  hnf.  *. 
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Tmcture  of  cantharides,  containing  about  *005  per  cent,  of 
cantharidine ; 

A  solution  of  cantharides  for  blistering  purposes,  Liquor  epis- 
pasticusy  a  strong  solution  of  the  active  principle  in  ether  and 
acetic  acid,  containing  about  '16  per  cent,  of  cantharidine. 

There  are  also— An  ointment ;  a  blistering  paper,  Charta  epis- 
paiiea  ;  a  blistering  plaster,  Empkutram  cantKarides  ;  and  a  warm 
plaster,  Bmplastrum  calefacieru, 

§  118.  Fated  Dose, — It  is  difficult  to  state  the  fatal  dose  of 
cantharidine,  the  unassajed  powder  or  tincture  having  mostly 
been  taken.  A  young  woman  died  from  1*62  gnh.  (25  grains)  of 
the  powder,  which  is  perhaps  equivalent  to  6*4  mgrms.  (1  grain) 
of  cantharidine,  whilst  the  smallest  dose  of  the  tincture  known 
to  have  been  fatal  is  (according  to  Taylor)  an  ounce.  This 
would  be  generally  equivalent  to  15  mgrms.  (-24  grain).  Hence 
the  fatal  dose  of  cantharidine  may  be  approximately  stated  as 
from  6  mgrms.  upwards.  But,  on  the  other  hand,  recovery  has 
taken  place  from  very  large  doses. 

§  119.  Tests  for  Cantharidine,  and  its  Detection  in  the  Tissues, 
ix. — ^The  tests  for  cantharidine  are — (1.)  Its  form,  (2.)  its  action 
in  the  subliming  cell,  and,  (3.)  its  power  of  raising  a  blister. 

The  most  convenient  method  of  testing  its  vesicating  proper- 
ties, is  to  allow  a  chloroformic  solution  of  the  substance  supposed 
to  be  cantharidine  to  evaporate  to  dryness,  to  add  to  this  a  drop 
of  olive  oil  (or  almond  oil),  and  to  take  the  drop  up  on  the 
smallest  possible  quantity  of  cotton  wool,  and  apply  the  wool  to 
the  inside  of  the  arm,  covering  it  with  good  oilskin,  and  strap- 
ping the  whole  on  by  the  aid  of  sticking-plaster.  In  about  an 
hour  or  more  the  effect  is  examined.  The  thin  skin  of  the  lips 
is  far  more  easily  blistered  than  that  of  the  arm,  but  the  applica- 
tion there  is  inconvenient. 

Dragendorff  has  ascertained  that  cantharidine  is  not  present 
in  the  contents  of  a  blister  raised  by  a  cantharides  plaster, 
although  it  has  been  found  in  the  urine  of  a  person  treated  by 
one ;  and  Pettenkoffer  has  also  discovered  cantharidine  in  the 
blood  of  a  boy  to  whose  spine  a  blister  had  been  applied. 

The  great  insolubility  of  cantharidine  in  water  has  led  to 
various  hypotheses  as  to  its  absorption  into  the  system.  Dra- 
gendorff  considers  it  as  the  anhydride  of  an  acid,  which  is 
tolerably  easily  dissolved  by  potash,  soda,  and  ammonia  solution, 
and  is  also  taken  up  in  small  proportion  by  sulphuric,  phosphoric, 
and  lactic  acids.  The  resulting  compounds  quickly  diffuse  them- 
selves through  animal  membranes.  £ven  the  salts,  with  lime, 
magnesia,  alumina,  and  the  heavy  metals,  are  not  quite  insoluble. 
A  solution  of  salt  with  cantharidine,  put  in  a  d\&\^^vii%^Y^%x^>^^^ 
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sepantcB  in  twenty-four  liours  enough  c&nthkfidiDe  U>  niar  .1 
bliater. 

Cftnthwiilitie  lias  ftcttttilly  been  dlsoovRrcd  in  tbv  hoart,  hnun, 
tiiiisclea,  contents  of  the  Rtnmuch,  iutestinea,  and  fteoe*  (u  w«)l 
iLS  in  the  blood  and  urine)  of  animals  puisuui^J  l>y  lb«  sabvtano-. 
A  uruie  coutaiiung  cantbiiridine  is  ulkaltiie  luiU  MlbdiBtBoiiiL 
<.'itnthariiliae,  although  readily  deoomposed  bv  chemlcnl  agratn. 
is  BO  permanent  in  the  body  that  it  lias  been  iIiiU^cUh]  iu  xlr 
corpee  of  a  CAt  eigbty-four  days  &fC«r  death. 

[n  any  forensic  case,  the  defeaoe  will  not  improbably  br  wl 
ii|i  that  some  animal  {e.g.,  a  fowl  poisoned  by  cautliaridos)  Iim 
been  eateu  and  cauned  the  toxic  symptoms,  for  canthiirides  i»  fj 
iiitereatiug  example  at  a  substance  wbich.  for  certnin  aliinialt 
(such  as  rabbits,  dogs,  cat«,  and  dueks^,  is  a  ktruug  |Kii»iti. 
whilst  in  others  {e.g.,  bcdgeboga,  fowls,  tiurkoyB,  ftiiil  fnif!!'. 
although  absorbed  and  txaratod,  it  spinaiv  inert.  Kxporinmt 
liaa  shown  tliat  a  cnt  may  bt-  readily  [loiHonpd  by  «  fawi  snturmlc*) 
with  canthnridcs ;  and  iu  Algeria  tbe  military  sari^uuoa  nml 
with  eystitis  among  tlu>  aoldit^rs,  caused  by  eating  irnoa  in  tW 
mouths  of  May  and  June,  the  frogs  living  in  these  tuont^a  tUmoM 
exdiiaively  on  a  species  uf  citntharideB. 

Dragendorfi*  recommends  the  /ullowing  process^ — Tbc  (in' 
puI|M-d  substance  is  boiled  in  a  porMUin  dish  with  porUuih  ' 
(1  jnrt  of  potash  and  13  to  18  of  water)  until  the  fluid  i«  <<t 
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argentic  nitrate,  a  white  crystalline  precipitate.  With  palladium 
chloride  there  occurs  a  yellow,  hair-like  <»>ystalline  precipitate  ; 
later  crystals  are  isomorphous  with  nickel  and  copper  salts. 

If  the  tincture  of  cantharides  has  been  used  in  considerable 
quantity,  the  urine  may  be  examined  ;  in  such  a  case  there  will 
collect  on  the  surface  drops  of  a  green  oil.  which  may  be  extracted 
by  petroleum  ether ;  this  oil  is  not  blister-raising.  Cantharidine 
in  powder  may,  of  course,  be  detected  by  its  appearance. 

To  the  question  whether  the  method  proposed  would  extract 
any  other  blister-producing  substance,  the  answer  is  negative, 
since  ethereal  oil  of  mustard  would  be  decomposed,  and  the 
active  constituents  of  the  Euphorbias  do  not  withstand  the  treat- 
ment with  KHO.  Oils  of  anemone  and  anemonin  are  dissolved 
by  KHO,  and  again  separated  out  of  their  solutions,  but  their 
blistering  propei*ty  is  destroyed.  They  are  volatile,  and  found 
in  anemone  and  seme  of  th  e  Ranunctdacecd.  In  the  J  qita  puUatiUa 
there  is  an  oil  ef  anemone,  which  may  be  obtained  by  shaking 
with  ether ;  but  this  oil  is  not  permanent,  and  if  the  Aqua  pvd- 
soHUa  stand  for  a  little  time,  it  splits  up  into  anemonic  acid  and 
anemonin,  and  then  cannot  be  re -obtained.  A  blistering  sub- 
stance, obtained  from  the  Anacardia  orientaUa  and  the  fruit  of 
the  Anaeardium  ocddeniale  and  Semeca/rpus  anacardium,  is  not 
quite  destroyed  by  a  short  action  with  potash,  but  is  by  one  of 
long  duration;  this  substance,  however,  cannot  be  confused 
with  cantharidine,  for  it  is  oily,  yellow,  easily  soluble  in  alcohol 
and  ether,  and  differs  in  other  respects. 


II. -PUTRID  ANIMAL  AND  OTHER  MATTERS. 

§  120.  Cases  of  poisoning  from  time  to  time  occur  in  which 
the  active  agent  producing  the  symptoms  is  highly  obscure — e.^., 
the  death,  recorded  by  Grzaut,*  of  thirty-two  persons  from  eating 
the  putrid  brains  of  a  walms,  the  now  numerous  instances  of 
sausage-poisoning,  and  the  curious  case  which  recently  occurred 
at  Bamsley  from  eating  a  bread  pudding.f  In  a  few  instances 
it  is  possible  that  some  well-known  poison  may  have  been  present, 
but  escaped  detection  through  error  in  the  process  employed ; 

♦  "  History  of  Greenland." 

f  £^bt  persona  partook  of  a  bread  paddinir,  two  of  whom  died  with 
oarootioo-irntant  aymptoms  of  poisoning,  and  all  were  ill.  Mr.  Allen,  after 
a  prolonged  and  caretal  examination  of  the  remnant  of  the  pudding  and 
other  matters,  was  unable  to  detect  any  known  poison ;  although  he  appears 
to  have  isolated  some  sfubstance  allied  to  Ergot.  The  case  is  £tailel  m  \2qa 
Anmi^Mt,  Nov.,  1878. 
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for  «hen  there  is  no  clue,  it  is  not  ftlwan  a  umpW  mMUr  (e  ^ 
fi-amn  a  mothcxi  bo  entirely  eatbfkclory  Ui»t  it  utaU  inUUUr  i 
detect  evory  probable  poison  ;  in  others  it  would  Becm  a  feanUB  ' 
explauatlon,  that  an  iinknowu  poison  wa«  developed  during  l^  ' 
process  of  putrefaction. 

We  know  now  that  at  least  three  suVwUncaa  giving  (be  r«M> 
tiouB  of  alkaloids  have  been  separated  from  docompoeiag  unnal 
matter— (I.)  Anon-crystalline  alkaloid,  diacov^rM  bj  Sobai,*    I 
■which  yields  a  violet-red  coloor  with  sulphuric  »cid;  (3.)  •  rimilar   '' 
(perhaps  identical)  subatanc«,  separated  by  8<diwan<Myt  frw*! 
decomposing  himan  livers,  spleens,  &«.,  by  tne  Staa-Of^'  "^^^^ 
the  ultimate  extraction  being  by  ether  acting  an  I 
solution;  and  (3.)  Korscli  and  FaHsbeoderJ  describe  an 
product  from  livers,  spleeoB,  and  kidneys,  but  obuiued 
adtl  liquid. 

In  a  third  class  of  caaes,  again,  it  is  possible  that  the  to«d  «w 
really  the  bearer  of  a  zymotic  poison,  which  wonld,  nf  couphv 
eacajte  detection  by  any  chemical  or  othtr  means  of  invrntinduii 
known.  Thus  in  India,  in  1871,  a  dinner  of  rice  distuwtJf 
propngated  oholem  to  seventy-thmo  cases.}  Ilecent  iavncti^ 
tiona  also  on  summer  diarrli(Mi|{  in  thix  country  have  ahawn  it* 
nxtreoiely  contagious  chamcter;  and  one  can  well  imagiiwlli** 
if,  from  uncleanliuess  or  other  cause,  any  articlr  of  food  ahcmU 
be  euutuminated  by  specific  excreta,  a  mcvt  oomplot« 
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membrane  of  the  eye ;  the  taste  is  bitter,  and  it  raises  little  blis- 
ters on -the  tongua  It  is  perfectly  stable,  and  preserves  its 
activity  for  an  indefinite  time.  Some  at  present  in  the  writer's 
possession,  although  two  years  old,  is  as  active  as  when  first 
obtained  from  the  snake.  The  dried  poison  as  described  is 
perfectly  soluble  in  water,  and  if  the  water  is  added  in  proper 
proportions,  the  original  fluid  is  without  doubt  reproduced,  the 
solution  usually  depositing  a  sediment  of  epithelial  debris,  and 
often  containing  little  white  shreds. 

The  poison  has  been  examined  by  several  chemists,  but  until 
lately  with  a  n^ative  result.  The  writer  was,  however,  fortun- 
ate enough,  after  a  prolonged  investigation,  to  isolate  a  crystalline 
principle,  which  appears  to  be  the  sole  active  ingredient ;  the 
yellow  granules  were  dissolved  in  water,  the  albumen  which  the 
venom  so  copiously  contains  coagulated  by  alcohol,  and  separated 
by  filtration;  the  idcohol  was  then  driven  off  at  a  gentle  heat,  the 
liquid  concentrated  to  a  small  bulk,  and  precipitated  with  basic 
acetate  of  lead.  The  precipitate  was  separated,  washed,  and 
decomposed  in  the  usual  way  by  SH»,  and  on  removing  the 
lead  sulphide,  crystals  having  a  marked  acid  reaction  and  toxic 
properties  were  obtained.  To  this  substance  the  name  of  eobric 
aeid  has  been  provisionally  applied. 

Farther  details  will  be  found  in  the  writet's  original  communi- 
cation in  the  Anaiyat,  Feb.  28, 1877. 


2b 


PART   V. 

INORGANIC  POISONS: 

(I.)  PRECIVlTATEn  FROM  A  OYDRtfCHLOEtC 

ACID  SOLUTION  BY  IIYURIC  SULPHIDE,  PRECIPrrVrE 

YELLOW  OH  ORANGE: 

ARSENIC— ANTIMONT—CADMI UM. 


I.— AKSESIC. 

§  122.  Araenic  causeB  so  many  deaUis  both  id  men  ami  atUl«,  lh«l 
it  Eoraoa  uudartlie  notice  of  thachennut  more  frequently  tbKnUT 
other  poiaon.     It  will  tbcroforo  bo  Docusaiy  to  notice  it  ml  Mifl 
length.  ^^1 
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pyrites.  Ab  thus  derived,  it  is  usually  in  the  form  of  a  white 
cake,  the  arsenious  acid  existing  in  two  'forms — an  amorphous 
and  a  crystalline — the  cake  being  generally  opaque  externally, 
whilst  in  the  centre  it  is  transparent.  According  to  Kruger,  this 
change  from  the  crystalline  to  the  amorphous  condition  is  depen- 
dent upon  the  absorption  of  moisture,  no  alteration  taking  place 
in  dry  air.  Both  varieties  of  arsenious  anhydride  are  acid  to 
test  paper. 

The  solubility  of  arsenious  acid  is  often  a  question  involving 
chemical  legal  matters  of  great  moment.  Unfortunately,  how- 
ever, no  precisely  definite  statement  can  be  made  on  this  x>oint, 
the  reason  being  that  the  two  varieties  of  arsenic  occur  in  very 
different  proportions  in  different  samples.  Both  the  amorphous 
and  crystalline  varieties  having  very  unequal  solubilities,  every 
experimenter  in  succession  has  given  a  different  series  of  figures, 
the  only  agreement  amid  the  general  discrepancy  being  that 
arsenic  is  very  sparingly  soluble  in  water. 

The  statement  of  Taylor  may,  however,  be  accepted  as  very 
near  the  truth — ^viz.,  that  an  ounce  of  cold  water  dissolves  from 
half  a  grain  to  a  grain.  According  to  M.  L.  A.  Buchner,*  one  part 
of  crystalline  arsenious  acid  dissolves  after  twenty-four  hours 
digestion  in  355  parts  of  water  at  15^0. ;  and  the  amorphous,  under 
the  same  condition,  in  108  of  water.  A  boiling  solution  of  the 
crystalline  acid,  left  to  stand  for  twenty-four  hours,  retaiDS  one 
part  of  acid  in  46  of  water ;  a  similar  solution  of  the  amorphous 
retains  one  of  arsenic  in  30  parts  of  water — i.e.,  100  pai'ts  of  water 
dissolve  frx)m  104  to  208  parts  of  AsjOj. 

Boiling  water  poured  on  the  powdered  substance  retains  in 
cooling  a  grain  and  a  quarter  to  the  ounce ;  in  other  words,  100 
parts  of  water  retain  *26.  Lastly,  arsenious  acid  boUed  in  water 
for  an  hour  is  dissolved  in  the  proportion  of  12  grains  to  the 
ounce— i.e.,  100  parts  of  water  retain  2*5. 

§  124.  Arseniuretted  Hydrogen  Arsiney  HjAs. — Mol.  weight, 
78;  voL  weight,  39;  specific  gravity,  2*702;  weight  of  a  litre, 
3*4944 ;  percentage  composition,  95*69  As,  4*31  H ;  volumetric 
composition,  2  vol.  H3AS  =  half  vol.  As  +  3  voL  H.  A  colour- 
less inflammable  gas,  of  a  foetid  alliaceous  odour,  coercible  into  a 
limpid  colourless  liquid  at  a  temperature  of  from  30^0.  to  40^0. 
The  products  of  the  combustion  of  arseniuretted  hydrogen  are 
water  and  arsenious  acid ;  thus,  2H3AS  +  60  =  3H2O  +  AsoOj. 
If  supplied  with  air  in  insufficient  quantity,  if  the  flame  itself  he 
cooled  by  (for  example)  a  cold  porcelain  plate,  or  if  the  gas  pass 
through  a  tube,  any  portion  of  which  is  heated  to  redness,  the 
gaa  is  decomposed  and  the  metal  separated.     BmcVv  %.  ^^^\D:^^^.-' 

*  Bull  de  la  SociSU  Chem.  de  Paris,  t.  xx.,  10, 1^^« 


(Jxy^fii  uv  air,  iind  iiisoniu 
inixtun'.      Cliluriiu'  tU'Coinpo, 
biiiiniX  witli  tho   hvilrouji-n,  iii 
cloud  ;   a.iiv  excess  of  clilorin 
obloride.     Sulphur,  submit tet 
sulphuretted  hydrogen,  whih 
arsenic  separate.      Phosphor 
uretted  and  sulphuretted  hji 
temperatures  "without  decern 
mercury  (350°C.)  they  are  de 
hydrogen  being  formed ;  thi 
reaction  which  is  of  some  impoi 
Many  metals  have  also  the  ] 
high  temperatures,  and  settin 
again,  in  like  manner,  combii 
e.g,,  3CuO  +  2H- As  =  CujAsj  - 

Arseniuretted  hydrogen  aci 
like  phosphuretted  hydrogen, 
setting  'free  arsenious  acid; 
decomposed  thus — 

12AgN03  +  2H8As  +  3B 

This  reaction  admits  of  valu 
estimation  of  arsenic;  for  th 
ar8enic-fi:«e;  the  excess  of  nitx 
a  chloride  of  sodium  solution,  i 
tion  of  the  gas  are  complete. 

T^     <•  •  •- 
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trentiment  of  the  silTer  zinc  with  hydrochloric  acid,  in  the  tinning 
of  sheet  iron,  and  similar  processes,  either  from  the  use  of  acids 
containing  arsenic  as  an .  unpuritj,  or  from  the  application  of 
afsenio  itself^  arseniaretted  hydrogen  is  evolved.  Of  late  years, 
moreoiTer,  this  gas  has  been  recognised  as  a  source  of  disease,  by 
beiBg  emanated  from  wall  papers  which  had  been  strongly  im- 
pregnated with  arsenic,  the  gas  resulting  from  the  contact  of 
arsenious  acid  with  organic  matter.* 

The  researches  of  Fleck,  ridiculed  by  L.  Krahmer,t  are  con- 
firmed by  Sonnenschein^  who,  by  the  aid  of  an  aspirator,  drew 
the  air  of  a  room  first  through  water,  and  then  through  a  red-hot 
glass  tabe,  and  obtained  a  distinct  arsenical  ring.  They  are 
fririher  attested  by  Hamberg,§  who,  in  a  similar  manner,  caused 
the  air  of  a  room,  the  wall-paper  of  which  was  arsenical,  to  pass 
through  a  solution  of  nitrate  of  silver,  and  obtained  in  the  solu- 
tion arsenious  acid,  together  with  some  sulphide  of  silver  ;||  very 
few  aoHd  particles  being  detected.  That  arseniuretted  hydrogen 
is  evolved  from  wall-papers,  excites  no  surprise  in  those  who 
have  ever  quantitatively  estimated  the  arsenic  in  various  pig- 
ments and  papers.  The  writer  analysed  a  very  sober  drab- 
oolonred  paper  a  short  time  ago,  and  found  arsenic  equivalent  to 
2  per  oent.  of  its  weight  of  arsenious  acid. 

Poisoning  frt>m  arseniuretted  hydrogen^  has  been  scarcely 
described  in  English  works,  an  omission  principally  to  be 
attributed  to  want  of  material.  Two  cases  are  detailed  by 
Dr.  Yalette  in  Tardieu's  "  Etude."**  A  mistake  occurred  in  a 
laboratory,  by  which  a  solution  of  arsenic  (instead  of  sulphuric 
add)  was  poured  on  zinc  to  develop  hydrogen.  Of  the  two 
sufferers,  the  one  recovered  after  an  illness  of  about  a  week  or 
ten  days,  the  other  died  at  the  end  of  twenty-eight  days.  The 
main  symptoms  were  yellowness  of  skin,  vomiting,  bloody  urine, 
great  depression,  slight  diarrhoea,  headache,  and  in  the  fatal 
case  a  morbilliform  eruption.  In  a  case  recorded  in  the  British 
Medical  Jowmal,  November  4,  1876,  there  were  none  of  the 

♦  Fleck,  ZeiUehr,/ar  Biohgie,  Bd.  viii.,  p.  445. 

t  "  Handbiich  der  Staats  ATzneikande,**  li.  455. 

t  Sosmenachein,  *'Handbuchder  GerichtlichenChemie." 

§  Pharm.  Joum,  Trans.  [3],  81-83. 

H  The  nnpleasant  odour  often  jMssessed  by  Schweinfurt  green  papers 
appears  to  be  due  to  the  decompoflition  of  the  acetic  acid  by  moisture  and 
mould,  with  the  formation  as  a  principal  product  of  propionic  add. 

If  The  discoverer  of  the  gas,  Gehlen,  died  in  eieht  days  through  inhaling 
it ;  in  order  to  discover  a  flaw  in  his  apparatus,  ne  smelt  strongly  at  the 
joints. 

**  Ambroise  Tardiea,    "Etude   medico-lSgale  su  Y«QL'^\ssa&KCfiSSG^' 
0b9erv, ,  zzv.,  p.  449. 
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usual  symptoms  of  gastric  irritation,  but  losa  of  memory  of  recent 
acts,  drowsiness,  and  giddiness." 

§  126.  TIte  Suiphuki  of  Arsenic. — Of  the  sulphides  of  wwajic, 
two  only,  realgar  and  arpimeut,  are  of  any  pmct-ical  importance. 
Raalgar,  Ab^j  =  214;  specific  gravity,  3-356;  oompointiDn  in 
100  parte,  As  7001,8  29-91;  Average  composition  of  eooiinrrcial 
prodact,  As  75,  H  25.  Realgar  is  found  native  in  rufiy-rr^d 
crystals,  and  iaalso  preparednrtiliciallyby  heating  together  Ouuis 
of  araenic  and  4  of  sulphur,  or  198  [rnrta  of  arseniona  anhydnde 
with  112  parts  of  sulphur,  2As,0-  + 78  =  2Aa,S,+ 380^  II  is 
insoluble  in  water  and  in  hydrochloric  acid,  but  id  rttadtly  dis- 
solved by  potassic  disiilpbide,  by  nitric  acid,  and  by  aqua  nffiL 
It  is  decomposed  by  caustic  iMtaflb,  leaving  undiasolTod  a  bn><nt 
sediment  (As, jS),  which  contains  96-S  per  cent,  of  amenie. 

§  127,  Orpiment,  or  Argenie  IVwilp/iide. — As.S,^  246  ;  nwdfie 
gravity,  348;  composition  in  100  pftrtu,  As  60-98.  S  MAS; 
found  native  in  crystals,  presents  itself  in  the  laboratory  osnally 
as  a  brilliant  yellow  amorphous  powder,  on  passing  sulphnnttod 
hydrogen  through  an  acid  solution  of  arsenious  acid  or  ui 
arsenite.  It  is  very  insoluble  in  water  (about  one  in  a  millinn, 
J'reaeniiia),  scarcely  soluble  in  boiling  concentrated  hydrocklorw 
acid,  and  insoluble  genemlly  tn  dilute  afflda.  Red  fxuninf; 
nitric  acid  dissolves  it,  converting  it  into  arsenic  and  sulpborie 
acids;  ammonia  and  other  alkaline  sulphides,  the  aikalica  Uwni' 
selves,  alkaline  carbonates,  bisulphite  of  potaeh,  ajul  aaoa  n&n  J 
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diseases,  but  is  of  little  interest  to  the  analyst;  it  is  commonly 
seen  in  the  foim  of  brick-red  brilliant  flakes. 

§  129.  Araenie  in  the  Arts, — The  metal  is  used  in  various 
alloys ;  for  example,  speculum  metal  is  made  of  tin,  copper,  and 
a  little  arsenic ;  white  copper  is  an  alloy  of  copper  and  arsenic ; 
shot  is  composed  of  1000  parts  of  lead  mixed  with  3  of  arsenic  ; 
the  common  Britannia  metal  used  for  tea-pots,  spoons,  <bc.,  often 
contains  arsenic;  and  brass  is  bronzed  with  a  thin  film  of  arsenic. 
It  was  formerly  much  employed  in  the  manufieusture  of  glass,  but 
is  being  gradually  superseded.  It  is  also  now  used  to  some 
extent  in  the  reduction  of  indigo  blue,  and  in  that  of  nitro- 
benzole  in  the  manufsEicture  of  aniline. 

In  cases  of  suspected  poisoning,  therefore,  and  the  finding  of 
arsenic  in  the  stomach,  or  elsewhere,  it  may  be  set  up  as  a 
defence  that  the  arsenic  was  derived  from  shot  used  in  the 
cleansing  of  bottles,  from  the  bottles  themselves,  or  from  metal 
vessels,  such  as  tea-pots,  &c. 

The  arsenic  in  all  these  alloys  being  extremely  insoluble,  any 
solution  to  a  poisonous  extent  is  in  the  highest  degree  im- 
probable. It  may,  however,  be  necessary  to  treat  the  vessels 
with  the  fluid  or  fluids  which  have  been  supposed  to  exert  this 
prejudicial  action,  and  test  them  for  arsenic.  The  treatment 
should,  of  course,  be  of  a  severe  and  exhaustive  character,  and 
the  fluids  should  be  allowed  to  stand  cold  in  the  vessels  for 
twenty-four  hours ;  then  the  eflect  of  a  gentle  heat  should  be 
studicMl,  and,  lastly,  that  of  boiling  temperatures.  The  analysis 
of  the  alloy  itself,  or  of  the  glass,  it  would  seldom  be  of  value  to 
undertake,  for  the  crushed  and  finely  divided  substance  is  in  a 
condition  very  diflerent  from  that  of  the  article  when  entire,  and 
inferences  drawn  from  such  analytical  data  woiild  be  fsEillacious. 
It  does  not  matter  one  iota  to  us  that  the  vessels  out  of  which 
we  drink  are  made  of  metallic  arsenic,  provided  that  under  all 
possible  domestic  conditions  the  arsenic  is  insoluble. 

Arsenious  anhydride  is  also  used  for  the  preservation  of  wood, 
and  is  thrown  occasionally  into  the  holds  of  vessels  in  large 
quantities  to  prevent  vegetable  decomposition.  In  India,  again, 
a  solution  of  arsenic  is  applied  to  the  walls  as  a  wash,  in  order 
to  prevent  the  attacks  of  insects. 


§  130.  PharmaceiUical,  Non-officinal,  and  other  Preparaiiona 

of  Arsenic. 

(1.)    Pharmaceutical   Preparations,  —  The  Liquor  Arsenicalis 
(Fowler's  solution),  or  solution  of  arsenic  of  t\iQ  -^WcxsAA^^^^ab^S^ 
composed  of — 


"nta.  tl.alofl-owlo,.',  ,„ 
„  -'-'"'""»"  of  «"o«V.few 

Calomel,     . 
Arsenious  acid 
Tin  filings^  _ 

Venice  tuipentiae,t 
A  common  tonic  ball :  J_ 

Anenic,  .  ^  . 

■AniMed,  .        '  ?  *** 

Opinm,     .  i  "* 

TreacJe,    .        "  ^8" 

An   arsenical  ball  nfi«„   -..- 
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Asoiher  ball  in  use  is  composed  of  arsenic  and  verdigris 
(acetate  of  copper),  of  each  8  grains  (*518  grm.);  capric  solpbate, 
20  grains  (1*3  grm.) ;  q.  s.  of  linseed  meal  and  treacle. 

(3.V  Eai  and  Fly  PoiaonSf  &c. — An  arsenical  paste  sold  for  rats 
bas  the fi^owing  composition: — 

Arsenious  acid,  .        .         .  5*8  per  cent. 

Lampblack,         ...  '6        „ 

Wheat-flour,        .  46-3 

Suet,  .        .        .        .        46-3 

Oil  of  aniseed,  a  small  quantity. 

Another  rat  poison  is  composed  as  follows : — 


White  arsenic,    . 

46*8  per  cent. 

Carbonate  of  baryta,   . 

46-8 

£ose-pink,*         .        » 

6-8        „ 

Oil  of  aniseed,     . 

•2        „ 

Oil  of  rhodium,   . 

•2        „ 

Various  arsenical  preparations  are  used  to  kill  flies ;  the  active 
principle  of  the  brown  "papier  moure  "  is  arsenious  acid.  A  dark 
grey  powder,  which  used  to  be  sold  under  the  name  of  fly- 
powder,  consisted  of  metallic  arsenic  that  had  been  exposed  some 
time  to  the  air. 

Fly-water  is  a  strong  solution  of  arsenic  of  uncertain  strength, 
sweetened  with  sugar,  treacle,  or  honey.  Another  fly-poison 
consists  of  a  mixture  of-  arsenious  acid,  tersulphide  of  arseuic, 
treacle,  and  honey. 

(4.)  QtMck  Nostrums. — The  analyst  may  meet  with  several 
quack  preparations  for  external  use  in  cancer.  A  celebrated 
arsenical  paste  for  this  purpose  is  composed  of — 

Arsenious  acid,        ...        8  per  cent. 
Cinnabar,  .  .       70       „ 

l>ragon*s  blood,  .       22       „ 

A  pill,  used  by  unprofessional  persons  as  a  preventive  for 
hydrophobia  (!)  is  composed  of -j^  to  ^  (4  to  5*4  mgrms.)  of  a 
grain  of  arsenic  and  a  grain  of  common  pepper.  A  similar  pill 
is  much  used  in  the  East  Indies. 

The  tasteless  "ague  drops"  used  in  the  fen  countries  are 
simply  a  solution  of  arsenite  of  potash. 

D€ttndson*s  Cancer  Remedy  consists,  according  to  Dr.  Pans,  of 
equal  parts  of  arsenious  acid  and  powdered  hemlock. 

In  India,  arsenic  given  as  a  medicine  by  native  practitioners, 

*  Alam  snd  cuhonate  of  lead  coloured  wii^Biasoi  is)A^nMS&L^^yA&. 
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or  administered  as  a  poison,  may  be  (buad  nolourad  ft&il  ii&|ii)Tv, 
from  having  been  mixed  eitliiir  vritli  uow'b  uiiiia,  or  wiUi  ibe 
juico  of  leaves,  Ac* 

Arsenioua  acid  is  used  by  denttsta  to  di>sLroy  tUe  nerroiii 
pulp  of  decayed  and  painful  teeth,  about  tbo  tweoty-fififc  «f  • 
grain  (2*5  mgrms.)  being  placed  in  the  cavity.  There  is  nx 
record  of  any  accident  having  rosnltod  from  this  prsctioc 
hitherto  ;  liut  since  the  dentist  Beldom  weighs  tiiv  arsenic,  it  i) 
not  altogether  free  from  danger. 

(5.)  PiffTnenU,  &o. — Kitufs  yeiUmt  should  he  As^S^  the  trwu!- 
phtde  of  arsenic  or  oqiiment.  It  ta  frequently  adolteniled  with 
80  to  90  per  cent,  of  arsenioua  acid,  and  in  such  ft  cua  ti,  of 
course,  more  poisonous.  Ring's  yellow,  if  pure,  yields  to  water 
nothing  which  gives  any  arsenical  reaction. 

A  blue  pigment,  termed  mineral  blue,  consists  of  about  ei^ual 
partfi  of  arsenite  of  copper  and  potash,  and  should  contain  387 
per  cent,  of  metallic  arsettiu  ( =  to  51-084  Aa^OjH),  and  15-6  at 
copper. 

5cAi«in/iM-(ifree»(Syn.  irn»CTijiiyr«en),{CuA8,Oj)gCu(C,H,0,)j. 
is  a  cuprio  arsenite  and  acetate,  and  should  contaiu  25  pw  cent 
of  copper  and  56-4  ])er  cent,  of  araeuious  acid.  Id  umuysia  (1>< 
copper  in  this  compound  is  readily  separated  from  iho  arwntc 
by  fii'st  oxidising  with  nitric  acid,  and  then  adding  to  the  nitric 
acid  solution  amnionia,  until  the  blue  colour  remains  undis- 
solved.    At  this  point  ammonium  oxalate  is  add««j  in  exoes.  tli* 
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application  consists  of  alum  and  arsenic  (10  or  12  to  1),  dissolved 
in  two  or  three  hundred  parts  of  water. 

(7.)  Artenieal  SoapSy  &c. — ^Arsenic  is  used  in  preserving  the 
skms  of  animals.  One  of  the  compounds  for  this  purpose, 
known  under  the  name  of  Bicoeuf^s  (trseniccU  soap,  has  the  follow- 
ing composition : — 


Camphor,      .         .                          3*4 

per  cent. 

Arsenic,        .        .        .         .20*2 

'              >9 

Carbonate  of  potash,              .       56*2 

» 

Lime,*.        ....       20*2 

» 

(8.)  Arsenical  compounds  used  in  pyrotechnj : — 

Jfmmtm 

Blue  fires  —  (1.)  Realgar, 

2 

Charcoal,     . 

3 

Potassic  chlorate. 

0 

Sulphur, 

13 

Nitrate  of  baryta. 

77 

(2.)  Sulphur,      . 

40*9 

Nitre, . 

.      36*8 

Sulphide  of  antimony, 

.      12*3 

„         arsenic, 

5 

Charcoal,     . 

5 

Green  fires     —     Metallic  arsenic. 

2 

Charcoal,     . 

3 

Chlorate  of  potash, 

5 

Sulphur, 

13 

Nitrate  of  baryta, 

7 

Light  green  fire — Charcoal,     . 

1*76 

Sulphide  of  arsenic. 

1*75 

Sulphur, 

.      10*50 

Chlorate  of  potash, 

.       23*25 

Nitrate  of  baryta, 

62-50 

White  fire  —  (1.)  Arsenious  acid. 

•76 

Charcoal,     . 

1*63 

Sulphide  of  antimony. 

12*27 

Nitrate  of  potash. 

.       36*59 

Sulphur,     . 

48*75 

(2.)  Realgar,      . 

6*1 

Sulphur, 

21*2 

Nitrate  of  potash, 

.       72*7 

*  The  dnst  from  the  preserved  Bkins  of  animals  ha 

8  caused,  at  least,  one 

case  of  poisoning.     Ann,  d'Hyg,  Pub,  et  de  Med,  L6g,^ 

,  2  ser.,  WO^t.TLTXfi^.^ 

p.  314. 

I 


[ 


^liigiu'sia.  Sec, 

Although  the  child n'li  wero  ] 
skin  (unless  it  is  allowt'd  th:it 
the  ibrm  of  arsenical  dust  into 
)>robable,  that  the  infants  inay 
putf-ball   and  sucked  it),  the 
arsenious  acid  was  separated  in 
other.     In  these  cases  arose  tl 
in  legal  inquiries  into  poisoni 
the  poison  lying  on  the  surface 
have  been  mixed  during  the  p 
organs   of  the  body  ?      In  the 
appears  to  have  been  taken,  a 
It  is  not  amiss,  however,  to  call 
tions  which  such  instances  nece 

By  the  14th  of  Vict.  c.  12, 
bound  to  keep  a  wiitten  recor 
each  transaction,  such  as  the  i 
purchaser,  the  purpose  for  whic 
(juantity  sold,  <bc.     Those  partic 

*  "  Gleanings  in  Toxicology,"  by  C. 
21,  1878. 

t  Two  recipes  were  handed  in  at  tb 
represent  the  composition  of  commerc 

First  QualUy^  sol 

Starch  Powder, 
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parduoer.  No  person  (seo.  2)  b  allowed  to  sell  arsenic  to  any 
one  unknown  to  the  seUer,  unless  in  the  presence  of  a  witness, 
whom  the  seller  is  acquainted  with.  The  arsenic  sold  (sec.  3)  is 
to  be  mixed  with  soot  or  indigo  in  the  proportion  of  half  an 
ounce  of  indigo  to  a  pound  of  arsenic.  It,  therefore,  follows  that 
the  coloured  substance  should  not  contain  more  than  70  per  cent, 
of  arsenious  add.  The  Act  appUes  to  all  the  colourless  prepara- 
tions of  arsenic :  but  it  is  not  to  affect  chemists  in  making  up 
prescriptions  for  medical  men,  or  in  supplying  medical  men;  nor 
is  it  to  affect  the  wholesale  dealers  in  supplying  arsenic  to  retail 
shops,  &0,  The  penalty  for  conviction  is  £20,  or  less.  Commer- 
cial arsenic  is  often  much  adulterated,  especially  with  gypsum, 
chalk,  &e.  These  are  most  readily  detected  by  subliimng  the 
arsenia  The  sublimed  arsenic  itself  may  not  be  entirely  pure, 
sometimes  containing  arsenical  sulphides  and  antimonious  oxide. 

§  131.  Dose, — The  smallest  dose  of  arsenic  known  to  haye 
proved  fatal  to  a  human  being  is  2^  grains  (16  grms.).  Farriers 
and  grooms  are  in  the  habit  of  giving  as  much  as  20  grains 
a  da^  to  a  horse,  so  that  the  poisonous  dose  for  this  animal  must 
he  very  large.* 

The  maximum  dose  for  the  homed  cattle  appears  to  be  from 
5  to  6  grains ;  that  for  a  dog  is  a  quarter  of  a  grain,  and  even  this 
may,  in  the  smaller  kinds,  cause  illness. 

The  following  may  be  considered  as  dangerous  doses  of  arsenic  : 
— ^2  grains  for  an  adult,  30  for  a  horse,  10  for  a  cow,  and  half  a 
grain  to  a  grain  for  a  dog. 

{132.  DstscUon  of  Arsenic, — The  analyst  may  have  to  identify 
aneaio  in  substance,  in  solution,  in  alloys,  in  wall-papers,  in 
earth,  and  in  various  animal,  fatty,  resinous,  or  other  oiganic 
matters. 

Arsemous  Aeid  in  Suhskmce. — ^The  general  characters  of 
arsenious  acid  have  been  already  described,  and  are  themselves 
so  marked  as  to  be  unmistakable.  The  following  are  the  most 
conclusive  tests : — 

(1.)  A  small  fragment  placed  in  the  subliming  cell  (p.  284), 
and  heated  to  about  the  temperature  of  137'7''C.  (286''F.),  at 
onoe  sublimes  in  the  form  of  an  amorphous  powder,  if  the  upper 
glass  disc  is  cool;  but  if  heated  (as  it  should  be)  to  nearly  the 
same  temperature  as  the  lower,  characteristic  crystals  are 
obtained,  remarkable  for  their  brilliance  and  permanency,  and 
almost  always  distinct  and  separate.  The  prevailing  form  is  the 
regular  octahedron,  but  the  rhombic  dodecahedron,  the  rectan- 
giuar  prism,  superimposed  crystals,  half  crystals,  deep  triangular 

*  "bk  eases  of  hoTae-poisonins  which  have  oome  undec  ^bft'Siii\Vrt^%'^^t^ 
over  30  grains  of  anenjona  acid  have  been  separated. 
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plates  like  tetrabedra,  and   irregular  and  confused  forma, 
occosiouaUy  occur. 

(2.)  A  beautiful  and  well-knowii  test  is  tbat  of  Berzeliiis:- 
Hmall  Lard-glaES  tube  ia  taken,  aud  tlie  closed  end  drawn  out  to 
the  si?.o  of  a  knitting  needle.     Within  tlie  extreme  point  of  thj 
^ne  pai't  ie  placed  the  fragment  (which  may  be  no  more  than 
iiiilligmmme),  and  a  aplinter  of  charcoal,  fine  enough  to  ente 
freely  the  narrow  part,  as  shown  in  the  figure.     The   portiott 


Fig.  17. 
iif  the  tube  containing  the  charcoal  (e)  ia  first  heated  until 
gluws,  and  then  the  extreme  end ;  if  arsenic  is  present,  *. 
mirror-like  coating  is  easily  obtained  in  tlie  broader  porticn 
of  the  tube  {d}.  That  this  coating  is  really  arsenical  can  be 
established  by  the  behaviour  of  metallic  crusts  of  arsenic  toward 
solvents  (as  given  at  p.  385).  The  portion  of  the  tube  contain- 
ing the  crust  muy  ulao  be  brukfn  a\<,  ]mt  iii  a  very  short,  wide 
test-tube  (the  mouth  nf  which  is  occu]iicd  by  a  circle  of  thin 
microscopic  glass)  and  heated,  when  the  arsenic  will  sublime  on 
to  the  glass  disc,  partly  as  a  metal  and  partly  as  crystalline 

(3.)  Arsenious  acid,  itself  inodorous,  when  heated  on  coal, 
after  mixing  it  with  moist  oxalate  of  potash,  evolves  a  peculiar 
garlic-like  odour.  To  this  test  oxide  of  antimony  adultented 
with  arsenic  will  respond,  if  there  is  only  a  thonsandth  part 
present.  Simply  projecting  arsenious  acid  on  either  red-hot 
charcoal  or  iron  produces  the  same  odour. 

(4.)  A  little  bit  of  arsenious  acid  heated  in  a  matrass  with 
two  or  three  times  its  weight  of  acetate  of  potash,  evolves  the 
unaupportable  odour  of  kakodyl, 

Arsenites  and  Arseniates,  mixed  with  oxalate  of  soda  and  heated 
in  a  matrass,  afibrd  distinct  mii-rors,  especially  the  arsenites  of 
the  earths  and  silver ;  those  of  copper  and  iron  are  rather  lees 
distinct. 

Sidphide»  of  Arsenic  are  reduced  by  any  of  the  processes  de- 
scribed at  p.  39C. 

In  Solution. — An  acid  solution  of  arsenious  acid  gives,  when 
treated  with  SH„,  a  canary-yellow  precipitate,  soluble  in  am- 
inonia,  carbonate  of  ammonia,  and  bisulphite  of  potash  (see  p. 
374),  and  also  a  metallic  sublimate  when  heated  in  a  tube  witii 
the  reducing  agents  in  the  manner  described  at  p-  397.  By 
tbeae  properties  the  sulphide  is  distinguished  and,  indeed, 
aepur&ted  from  BQtimouy,  tin,  xo.^  ckd.'oii.^^'ai. 
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The  sulphides  of  tin  and  cadmium  are  cerfcainly  also  yellow, 
but  the  latter  is  quite  insoluble  in  ammonia,  while  the  former 
giTes  no  metallic  subUmate  when  heated  with  reducing  sub- 
stances. 

The  sulphide  of  antimony,  again,  is  orange,  and  quite  insoluble 
in  potassic  bisulphite,  and  scarcely  dissolves  in  ammonia. 

A  small  piece  of  sodium  amalgam  placed  in  a  test-tube  or  flask 
containing  an  arsenic-holding  liquid,  produces  in  a  short  time 
arseniuretted  hydrogen,  which  will  blacken  a  piece  of  paper 
soaked  in  nitrate  of  silver,  and  inserted  in  the  mouth  of  the  flask. 
— (^Dr.  Ed.  Davy,)  This  is  certainly  the  most  convenient  test 
for  arsenic.  If  the  liquid  be  previously  made  alkaline,  no  anti- 
moniuretted  hydrogen  (sHbine)  is  given  ofll 

Marsh's  Original  Test  for  Arsenic  consisted  in  evolving  nascent 
hydrogen  by  zinc  and  sulphuric  acid,  and  then  adding  the  liquid 
to  be  tested.  The  apparatus  for  Marsh's  test,  in  its  simplest 
form,  consists  of  a  flask  provided  with  a  cork  conveying  two 
tubes,  one  a  funnel  reaching  nearly  to  the  bottom  of  the  flask, 
the  other  a  delivery  tube,  which  is  of  some  length,  is  provided 
with  a  chloride  of  calcium  bulb,*  and  towards  the  end  is  turned 
up  at  right  angles,  the  end  being  narrowed.  By  evolving 
hydrogen  firom  zinc  and  sulphuric  acid,  and  then  adding  portions 
of  the  liquid  through  the  funnel,  arseniuretted  hydrogen  in  a 
dry  state  is  driven  along  the  leading  tube,  can  be  ignited  on  its 
issue,  and  on  depressing  a  piece  of  cold  porcelain,  a  dark  metallic 
spot  of  arsenic  is  obtained,  f  Or,  if  any  portion  of  the  tube  be 
made  red-hot,  the  metal  is  deposited  in  the  same  way  as  a  ring. 
The  apparatus  admits  of  much  complication  and  variety.  One 
of  the  most  useful  additions  is,  perhaps,  the  interposition  of  a 
small  gasometer.  This  consists  of  a  cylindrical  glass  vessel  with 
entrance  and  exit  tubes,  open  at  the  bottom,  immersed  in  water 
in  a  larger  vessel,  and  counterpoised  by  weights  and  rollers, 
exactly  like  the  large  gasometers  tised  at  gasworks ;  the  exit 
tube  must  have  a  stopcock,  and  the  gas  must  pass  through  sul- 
phuric acid  in  order  to  dry  it  thoroughly. 

M.  Blondlot  has  observed^  that  if  pure  zinc,  a  weak  solution 

*  Otto  recommends  the  first  half  of  the  drying  tube  connected  with 
the  development  flask  to  be  fiUed  with  caustic  potash,  the  latter  half  with 
chloride  ot  calcinm  (AwmUtelung  der  Ol/te).  Dracendorff  approves  of  this, 
but  remarks  that  it  should  be  used  when  arsenic  alone  is  searched  for,  since 
caustic  potash  decomposes  stibine.  The  potash  fixes  SH^,  and  prevents 
the  formation  of  chloride  of  arsenic. 

t  For  idmtification  of  arsenical  films,  see  p.  385. 

t  Blondlot :  "Transformation  de  Tarsenic  en  hydmre  solidepar  Thydro- 
1^  naiaaant  soiib  Tinfiaence  des  compost  nitreux.'*— Jour,  de  PKoarn^  tXdA 
CAtm.,  3e  ler.,  t  xliv.,  p.  480, 
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of  arsenious  add,  and  a  sulphuric  aoid  contaiiiiiig  nitric  acid  or 
nitrous  compounds,  be  mixed  together,  the  arsenic  paases  into 
a  solid  hydrate,  which  is  deposited  on  the  suriace  of  the  line 
Cortain  organic  substances  (such  as  sugar,  gum,  &c.)  prevent^ i 
this  formation  of  solid  hydrate.     Thus,  in  two  ways,  the  ana)yrtV 
may  be  deceived — under  the  above  conditions,  the  line  may  hnj 
arsenical,  and  yet  pure  hydrogen    be  evolved  nnti]  the  very^ 
moment  in  which  the  liquid  to  be  tested  is  added ;  or,  on  tJie 
other  hand,  if  the  liquid  to  be  tested  and  the  acid  iteelf  contain 
nitrous  compounds,  no  arsenic  may  come  off,  although  arsenic 
be  actually  present.     The  formation  of  the  solid  hydrate  in  the 
original  testing  may  always  be  prevented  by  the  addition  of  a 
little  pure  cane  sugar;  but  in  operating  on  liquids  of  uclmowii 
composition,   Blondlot's   observation   shows  clearly,   that   if   no 
result  in  obtained  from  Marsh's  teat  as  ordinarily  applied,  arsenic 
may  yet  be  present.     Thia  objection  does  not  hold  good  in  the 
evolution  of  hydrogen  by  galvanism,  nor,  so  far  lu  is  known, 
when  sodium  amalgam  is  used. 

The  precautions  to  be  observed  in  Marsh's  test  are — 

1.  Absolute  freedom  of  the  reagents  naed  from  areenic,  anti- 
mony,* and  other  impurities. 

2.  The  sulphuric  acid  should  he  diluted  with  five  times  itK 
weight  of  water,  and  if  freshly  prepared  should  be  cooled  before 
use.     Strong  acid  must  not  be  employed.t 

3.  The  fluid  to  be  tested  should  be  poured  in  little  by  little. 

i.  Nitrous  compounds,  nitric  acid,  hydrochloric  acid,  chlorides, 
are  all  more  or  less  prejudicial. 

5.  The  gas  should  come  off  regularly  in  not  too  strong  a 
stream,  nor  out  of  too  small  an  opening. 

6.  The  gas  should  pass  through  the  red-hot  tube  at  least  one 
hour,  if  no  stain  is  at  once  detected. 

7.  A  little  pure  bichloride  of  platinum  solution  may  be  added, 
without  injury,  to  the  mic  if  the  gaa  comes  off  too  slowly.  J 

The  characteristics  of  the  metallic  stains  which  may  occur 
either  on  glass  or  porcelain  in  the  use  of  Marsh's  t«st,  nay  br 
noted  as  under : — 

*  With  ngad  to  parity  of  reagents,  SomMOtcbeia  atatea  that  he  hai  waa 
found  chlorate  of  potash  contaminated  with  anenic  —  SoniNDacheiii : 
Oerieht.  Chtmie,  p,  139. 

+  M.  A  Gautier  nies  solphnric  acid  dilated  with  five  timaa  ita  WMg^ef 
water;  when  the  hydrogen  has  displaced  the  air,  he  adds  to  tlM  anui«sl 
matter  46  gnns,  of  this  acid  and  6  grma.  of  pure  talphnric  aoA—BuM.  dr 
la  Sfdm  CAinu  dt  Parit,  i87S,  t  iiiv. 

i  A  aDlntion  of  nliAute  ot  cv^t  hu  b«eo  recommendedi  . 
Omntiw,  tvD-thiida  ottiwhTHmouLV&t^kcasAw^vAaiBaiL 
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Mirror  or  Crust  of 
Arsenic 

Is  deposited  at  a  little  dis- 
tance from  the  flame. 

An  arsenical  stain  is  in  two 
portions,  the  one  brownish,  the 
other  a  glittering  black. 

On  heating,  it  is  rapidlj 
volatilised  as  arsenious  acid. 

On  transmission  of  a  stream 
of  SH^  whilst  immediately  be- 
hind the  stain  a  gentle  heat  is 
applied,  the  arsenic  is  changed 
to  yellow  sulphide;*  if  dry 
CIH  is  now  transmitted,  the 
arsenical  sulphide  is  unchanged. 

Chloride  of  lime  dissolves  the 
arsenic  completely. 

Protochloride  of  tin  has  no 
action  on  metallic  arsenic. 

The  arsenic  stain,  dissolved 
in  aqua  regia,  or  CIK  and 
chlorate  of  potash,  and  then 
treated  with  tartaric  acid,  am- 
monia^  and  magnesia  mixture, 
gives  a  precipitate  of  ammonia 
magnesian  arseniate.f 

Beinsch's  Test  is  a  simple  electrolytic  method  of  depositing 
arsenic  on  copper  : — A  piece  of  pure  bright  copper  foil  or  gauze  is 

*  It  18  desirable  to  dissolve  away  the  free  sulphur  often  deposited  with  the 
arsenical  sulphide  by  bisulphide  of  carbon. 

+  Soh(Inbem  has  proposed  ozone  as  an  oxidiser  of  arsenical  stains.  The 
substance  oootaining  the  stain,  toother  with  a  piece  of  moist  phosphorus, 
ii  placed  under  a  shade,  and  left  there  for  some  time;  the  oxidisation 
lirwiuct  is,  of  course,  coloured  yellow  by  SHs  if  it  is  arsenious  acid,  orange 
if  antimony.  The  vapour  of  iodine  colours  metallic  arsenic  pale  yellow,  and 
later  a  brownish  hue ;  on  exposure  to  the  air  it  loses  its  colour.  Iodine,  on 
the  other  hand,  gives  with  antimony  a  oarmelite  brown,  changing  to 
orange. 

An  arsenical  ring  may  be  also  treated  as  follows: — Precipitated  zinc 
sulphide  is  made  into  a  paste  with  a  little  water,  and  introduced  intA  iVv^ 
end  of  the  tube ;  the  same  end  is  then  plunged  into  di\aVA  w^^xms^  ^\^ 
and  the  rinig  he»ted,  when  the  arsenical  sulphide  wiVi)de  i^t^xxnol^ 

2c 


Mirror  or  Crust  of 
Antimony 

Is  deposited  close  to  the 
flame,  and  on  both  sides  of  it, 
and  is  therefore  notched. 

The  stain  is  tolerably  homo- 
geneous, and  usually  has  a  tin- 
like lustre. 

Volatilisation  very  slow ;  no 
crystalline  sublimate  obtain- 
able. 

The  same  process  applied  in 
the  case  of  antimony  produces 
the  orange  or  black  sulphide ; 
and  on  passing  dry  CIH,  chlo- 
ride of  antimony  volatilises 
without  the  application  of  heat. 

Antimony  not  aflected. 

Dissolves  slowly  but  com- 
pletely the  antimony  stain. 

No  precipitate  with  anti- 
mony. 
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attached  to  a  platinum  'wire,  and  the  copper  imnierBed  iu  the 
liciiiid  to  be  tested,  which  is  then  boUed.  The  liquid  must  be 
distinctly  acid,  and  should  bo  coTitained  in  b  flask,  the  mouth  of 
which  is  couveniently  partially  closed  by  a  funuel,  the  free  end  of 
the  wire  reaching  well  out  of  the  flask,  so  that  the  copper  may  be 
ii-oni  time  to  time  examined.  The  boiling  in  very  dilute  boIuIIods 
should  be  prolonged,  but  it  need  not  be  violent — a  gentle  simmer- 
ing is  all  that  is  required.  The  copper,  if  a  very  minute  quantity 
of  arsenic  is  present,  will  hare  a  greyish  stain  upon  it ;  with 
larger  i]uantitiea  a  somewhat  glistening  black-lead  appearance  ia 
produced.     Mercury,  sulphur,  aelenium,  and  antimony,  oil  stain 

Ou  heating  the  stained  copper  in  the  subliming  cell  {p.  2S4) 
or  in  a  tube,  if  mercury  is  present  it  will  sublime  in  microscopic 
globules.  Sulphide  of  copper  caji  be  rubbed  off  with  the  fingers, 
but  the  arsenical  stain,  on  the  contrary,  ia  a  true  alloy,  conaisting, 
according  to  Lippert,*  of  one  atom  of  arsenic  and  five  of  copper. 
Tlie  arsenical  stain,  again,  diBsolvea  in  caustic  ammonia;  the 
sulphide  of  coppor  dora  not  do  so.  The  arpt-iiical  stiiiii  aUn 
dissolves  in  a  mixture  of  equal  parts  of  water  and  HCl  with 
development  of  hydrogen,  an  action  which  does  not  take  place 
with  sulphide  of  copper. 

The  arsenical  stain,  when  heated  in  the  tube  or  cell,  gives  a 
crystalline  sublimate  of  arsenious  acid  ;  while  the  antimonial 
stain  is  much  bluer,  and  gives  no  crystalline  sublimate.  More- 
over, the  antimony  can  readily  be  converted  into  antimoniate  of 
potash,  by  warming  the  copper  in  water  made  alkaline  by  potash, 
and  first  reddened  by  potassic  permanganate;  heated  in  this  way 
it,  of  course,  dissolves  ;  and  on  filtering  off  the  manganese, 
acidifying  with  HCl,  and  testing  with  SHj,  the  orange  sulphide 
is  obtained. 

Some  of  the  foregoing  tests  may  be  applied  if  there  ia  auScient 
material,  but  if  not,  it  is  better  at  once  to  pass  to  Bloxam's 
method  {p.  390),  which  will  give  positive  results  without  inter- 
fering with  subsequent  tests. 

§  133.  Arsenic  in  Organic  Matterg. — Animal  matters  are  dealt 
with  as  described  (pp.  2H,  398),  and  saccharine  substances,  such 
lis  treacle,  in  the  same  way.  Resinous  matters  may  be  first 
exti-acted  by  alcohol,  and  the  residue  dissolved  in  boiling  water 
containing  hydrochloric  acid,  condensing  the  steam  by  a  vertical 
condenser  ;  the  alcoholic  solution  may  be  tested  by  electrolysis, 
to  see  whether  any  arsenic  has  been  dissolved,  and  if  this 
is  the  case,  it  may  be  freed  &om  the  resin  by  the  addition  of 
water  and  filtration. 
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From  ordinary  pills,  quack  exti*acttf,  and  similar  preparations, 
drying,  powdering,  and  exhaustion  with  boiling  dilute  KCl,  will 
remove  the  whole  of  the  arsenic^  if  in  a  soluble  state ;  if  not, 
aqua  regia  must  be  employed. 

Oils  and  matters  consisting  almost  entirely  of  fat,  suspected 
of  containing  arsenic,  are  gently  heated,  and  allowed  to  deposit 
any  insoluble  matter  they  may  contain ;  the  oil  is  then  decanted, 
and,  if  necessary,  filtered  from  any  deposit;  saponified  by 
alcoholic  potash^  the  soap  decomposed  by  HCl,  the  fatty  acids 
separated  as  described  (p.  74),  and  the  arsenic  looked  for  both 
in  the  first  deposit  and  in  the  solution,  now  fairly  free  from  fat 
and  easy  to  treat. 

In  searching  for  arsenic  in  the  fluids  or  tissues  of  the  body, 
the  analyst  is  generally  at  the  mercy  of  the  pathologist,  and 
sometimes  the  work  of  the  chemist  leads  to  a  negative  result, 
solely  from  not  having  the  proper  organs  sent  to  him.* 

In  all  cases  the  chemist  should  have  portions  of  the  brain, 
spinal  cord,  liver,  lungs,  and  muscular  tissue,  as  well  as  the 
stomach  and  its  contents.t 

We  have  very  decided  evidence  that  where  investigation  is  made 
for  the  ahsorbii  metal,  search  should  preferably  be  directed  to 
the  nervous  tissue,  the  amount  (according  to  the  experiments  of 
Scolosubofir):^  ^^^g  generally  greatest  in  the  marrow,  then  in  the 
brain,  next  in  the  liver,  and  least  in  the  muscles.  The  following 
may  be  taken  as  a  fairly  accurate  statement  of  the  relative  pro- 
portion in  which  arsenic  is  likely  to  be  found  in  the  body,  100 
grms.  being  taken  of  each  : — 

Muscles, 1 

Liver, 10-8 

Brain, 36*5 

Spinal  Marrow, 37*3 

With  regard  to  the  preliminary  treatment  of  the  stomach  and 
fluids  submitted  to  the  analyst,  the  careful  noting  of  appearances, 
the  decantation,  washing,  and  examination  (microscopical  and 
chemical)  of  any  deposit,  are  precautions  so  obviously  dictated  by 

*  For  example,  in  cages  of  poisoning  by  external  application,  more  than 
once  merely  the  empty  stomach  and  a  piece  of  intestine  nave  been  forwarded 
to  tiie  writer. 

ir  Caspar  recently  found  arsenic  in  the  hair  of  an  exhumed  corpse.  The 
possibiiity  of  this  nas  been  often  denied,  but  it  may  now  be  looked  upon  as 
a  very  rare,  though  occasional  occurrence. —Caspar's  "(^erichtliche  Medi- 
dn,"  Bd.  iL  4,  25. 

::  Bull  Soc.  Chivh  [2],  xxiv,  124. 
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common  uenae,  tLtit  they  need  oiiiy  b«  alluded  ta  in  paming.  Ot  \ 
some  coDsideDkble  moincnt  is  the  tjucEtion  wbich  infty  ho  [ml  to 
the  analyat  in  court,  in  referenoe  to  the  possible  mtmica  ot 
arsenic  into  the  body,  while  living,  by  accidental  and,  so  tu»pf*k, 
st^Ue  meanB.  Such  are  the  iunaUuK  of  the  fumus  from  tlae 
burning  of  arsenical  candles,*  and  of  enumaliotis  from  |mpm 
(see  ji.  373),+  as  well  as  the  possible  tntranc«  of  arsvnic  tnta 
the  body  after  death  from  various  sources,  aucli  aa  srM.-tiiaiI 
earth,  &cX 

The  arguments  which  are  likely  to  bo  used  in  fflvoar  of  » 
corpse  having  become  arsenical  may  ba  gathered  trota  a  one 
related  by  Sonnenschein  : — Certain  bodins  were  exhonied  in  twO 
churchyards ;  the  evidence  went  to  show  that  they  bad  1mm 
poisoned  by  arsenic,  and  this  substance  was  nettiaUy  foaad  Bi  th| 
bodies,  while  at  the  same  time  it  was  diNcovt^rcd  to  exiaX  alao  ii 
traces  in  the  earth  of  the  churchyard.  The  theory  for  th«  defamM 
was,  that  although  the  arsenic  in  the  earth  was  in  an  insoluUt 
state,  yet  that  it  might  combine  with  liine  ai  ad  anwoit^  of 
lime  ;  this  arsenitp  would  become  soluble  by  thu  action  of  cu> 
bonic  acid  set  free  by  vegetation,  and  filter  down  to  tJiP  coqMi 
Sonnenschein  suspended  a  quantity  of  this  earth  in  water,  tad 
passed  CO,  through  it  for  twelve  hours ',  on  fittaring,  the  li^oiJ 
gave  no  evidence  of  arsE<nic;  A  similar  result  was  obta^iod 
when  an  artificial  mixture  of  1  grm.  of  areenious  avid  and  L  pooaJ 
of  earth  were  submitted  to  the  same  procMs. 
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x>urse  deal  with  this  question  on  its  merits,  and  without  pre- 
judice. According  to  Eulenberg,*  in  arsenical  earth — if  after 
having  been  crushed  and  washed,  it  lies  for  some  time  exposed 
bo  the  disintegrating  action  of  the  air — soluble  arsenical  salts 
ure  formed,  which  may  find  their  way  into  brooks  and  supplies 
of  drinking  water.  We  may  infer  that  it  is  hardly  probable 
(except  under  very  peculiar  circumstances)  for  a  corpse  to 
be  contaminated  internally  with  an  estimable  quantity  of 
arsenic  from  the  traces  of  arsenic  met  with  in  a  few  church- 
yards. 

It  occasionally  happens  that  an  exhumation  is  ordered  a  very 
long  time  after  death,  when  no  organs  or  parts  (save  the  bones) 
are  to  be  distinguished.  In  the  case  of  a  man  long  dead,  the 
widow  confessing  that  she  had  administered  poison,  the  bones 
were  analysed  by  Sonnenschein,  and  a  small  quantity  of  arsenic 
found.  Coni^rbe  and  Orfila  have  l>oth  asserted  that  arsenic  is  a 
normal  constituent  of  the  bones — a  statement  which  has  been 
repeatedly  disproved.  Sonnenschein  relates : — t  "I  procured  the 
remnants  of  a  body  of  a  person  killed  twenty-five  years  previously, 
from  a  churchyard  of  this  place  (Berlin),  and  investigated  several 
others  in  a  similar  way,  without  finding  the  least  trace  of  arsenic. 
Simihir  experiments  in  great  number  were  repeated  in  my  labora- 
tory, but  in  no  case  was  arsenic  recognised."  The  opinion  of  the 
expert,  should  he  find  arsenic  in  the  bones,  must  be  formed  frx)m 
the  amount  discovered,  and  other  circumstances. 

§  134.  Ancdysis  of  WaU-paper  for  Arsenic. — The  separation  of 
arsenic  from  paper  is  extremely  easy,  and  admits  of  great  variety 
of  manipulation.  A  very  quick  special  method  is  as  follows  : — 
The  paper  is  saturated  with  chlorate  of  potash  solution,  dried, 
set  on  fire  in  a  suitable  plate,  and  instantly  covered  with  a  bell- 
glass.  The  ash  is  collected,  pulverised,  and  exhausted  with 
cold  water,  which  has  previously  thoroughly  cleansed  the  plate 
and  bell-glass ;  the  arsenic  in  combination  with  the  potash  is 
dissolved,  whilst  oxides  of  chromium,  copper,  aluminium,  tin, 
and  lead,  remain  in  the  insoluble  portion.^ 

On  investigating  the  air  of  a  room  or  chamber  suspected  of 
being  impregnated  with  arsenic,  it  is  important  to  know  whether 
it  is  caused  by  arsenical  dust  or  by  AsHg.  In  the  case  of  a 
child  dying  with  symptoms  of  arsenical  poisoning  in  a  room 
papered  with  a  pigment  containing  Scheele's  green,  Sonnenschein  § 
placed  a  perfectly  clean  table  in  the  room,  which  was  kept 

♦  "Gewerbe  Hygi^e,"  p.  284. 

t  OerichtUcK  C/^nUe,  p  122. 

X  Kapferachlaeger :  Bev,  Universellt  dea  Mmes^  \^^. 

§  "Jtandbuch  der  Gerioht  Chemie;'  i^.  \^. 
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closed  for  eight  days.  At  the  end  of  that  time  he  examined  the 
dust  of  the  table  by  the  microBcope  aud  chemically  ;  the  former 
reveaU'd  gi-een  particles,  the  latter  arseaic.  It  would,  however. 
appear  Loth  a  more  rapid  and  conTenient  method  to  draw  a 
large  number  of  litres  of  air  tlirough  a  solution  of  nitrate  of 
silver,  and  filter  the  air  through  cotton  wool;  at  the  termination 
of  the  experiment  examining  the  wool  for  arsemcal  dust,  and 
the  nitrate  of  silver  for  arsenioiia  acid.  A  convenient  aspirator 
for  such  a  purpose  is  an  ordinajy  ale  cask,  filled  witli  water ; 
a  bit  of  brass  tubing  is  screwed  through  a  hole  in  the  bung, 
and  connected  with  the  absorption  apparatus,  the  water  being 
allowed  to  trickle  away  slowly  through  a  tap  placed  in  the  usual 
jM>aition,* 

§  135.  EUvwnalwn  of  Arsenic  from  Iht  Body. — Orfila  and 
Gcoghcgan  consider  that  arsenic  is  entirely  eliminated  from 
the  body  in  &om  twelve  to  fifteen  days.  Husemann  det^-cted 
arsenic  in  the  urine  of  a  hound  seventeen  days  after  admittister- 
iug  the  poison,  and  Simnensehein  found  it  in  the  fieces  of  a  man 
ten  days  after  the  poison  had  been  taken.  Some  experiments  of 
Flandin  and  Danger  showed  that  in  one  case  elimination  was 
complete  in  three  days,  whilst  in  another  traces  could  be  found 
as  late  as  the  thirty-fift)i  day.  Tlie  latter  case,  however,  aji- 
pears  to  be  quite  exceptional,  and  there  is  unanimity  of  opinion 
among  tosicologists  as  to  the  elimination  of  arsenic  beinj; 
relatively  rapid.  If  a  person  should  live  a  few  days  after 
taking  a  poisonous  dose  of  arsenic,  it  is  not  probable  that  tho 
jioison  would  be  diacovered  in  the  body. 

§  136.  Estimation  of  Arsenic. — Most  of  the  methoda  for  the 
quantitative  determination  of  arsenic  are  also  excellent  tests 
for  its  presence,  it  may  be  regarded,  indeed,  as  an  axiom  in 
legal  chemistry,  that  the  precise  amount  of  every  substanct' 
detected,  if  it  can  l>e  weighed  or  estimated  by  any  process  what- 
ever, should  bo  accurately  stated.  Indefinite  expressions,  such 
as  "a  small  quantity  was  found,"  "  traces  were  detected,"  ic., 
are  moat  objectionable.  The  more  perfect  of  the  methods  of 
evolving  arsenic  can  be  made  quantitative.  For  example,  the 
galvanic  process  inti'oduced  by  Bloxam  may  be  ntilised  as 
follows  : — A  fractional  part  of  the  arsenical  solution  is  taken  for 
the  experiment ;  the  bottom  of  a  narrow-necked  bottle  of  about 
100  cc.  capacity  is  removed,  and  replaced  by  a  piece  of  vegetable 

*  The  investigation  of  emanations  snppoacd  to  be  araeniol  from  mum- 
ftctories,  &c.,  must  be  conducted  on  the  Mine  principlea.  It  wonld  appear 
Otat  arsenical  fumes  are  evolved  in  the  action  of  impure  sulphnnc  acid  on 

ooprolites,  ■  fact  not  before  o\iBetve4.— "0o.*!a6tTWiaDce  of  Arsenic  in  \hv 

Vxponr  of  Bone  Manure,"  b^  J-  kiwa*. 
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parchmeiit.     The  neck  of  the  bottle  carries  a  cork,  which  is 
pierced  bj  (I.)  a  platinum  wire,  which  is  attached  to  a  platinum 
electrode ;  (2.)  a  short  tube,  bent  at  right  angles,  and  connected 
bj  piping  with  a  longer  tube  which  has  also  a  rectangular  bend, 
and  dips  into  a  solution  of  silver  nitrate ;    (3.)  an  ordinary 
funnel-tube,  reaching  nearly  to  the  bottom.      The  bottle  is 
placed  in  a  beaker  of  such  a  size  as  to  leave  a  small  interval  be- 
tween the  two,  and  the  whole  apparatus  stands  in  a  large  vessel 
of  cold  water.     Dilute  sulphuric  acid  is  now  put  into  the  bottle, 
and  also  into  the  beaker,  so  that  the  fluid  reaches  exactly  the 
same  level  in  each.    The  positive  platinum  electrode  of  a  battery 
of  six  of  Grove's  cells,  or  other  efficient  combination,  is  immersed 
in  the  liquid  outside  the  bottle,  connection  with  the  negative 
plate  is  established,  and  hydrogen  very  soon  comes  off,  and 
passes  over  into  the  nitrate  of  silver  solution.     When  all  the 
air  is  expelled,  a  portion  of  the  rectangular  tube  is  heated  to 
redness,  and  if  there  is  no  stain  nor  any  reduction  of  the  silver, 
the  acid  is  pura     If  the  gas  is  passed  for  a  long  time  into  the 
silver  solution,  the  silver  will  be  reduced  to  some  extent  by  the 
hydrogen,  although  arsenic-free ;  *  so  that  it  is  better  to  rely 
upon  the  metallic  ring  or  stain,  which  is  certain  to  be  formed 
on  heating  a  portion  of  the  tube  red-hot,  and  keeping  it  at  that 
temperature  for  at  least  ten  minutes.     The  liquid  is  then  passed 
through  the  funnel  in  successive  portions ;  if  arsenic  is  present 
there  will  be  a  decided  metallic  ring  on  heating  the  tube  as 
before,  and  if  antimony  is  present  there  will  also  be  a  stain ; 
the  distinctions  between  these  stains  have  been  described  at 
p.  385. 

The  tube  is  kept  red-hot  until  the  stain  is  very  distinct;  then 
the  source  of  heat  is  removed,  and  the  gas  allowed  to  bubble 
through  the  argentic  nitrate  solution,  which  it  decomposes,  as 
before  detailed  (p.  372).  This  process  is  continued  until,  on 
placing  the  delivery  tube  in  a  sample  of  clear  nitrate  of  silver 
solution,  there  is  no  darkening  of  colour.  In  certain  cases  this 
may  take  a  long  time,  but  the  apparatus  once  set  to  work, 
requires  little  superintendence.  At  the  conclusion,  the  whole 
of  the  arsenic  is  separated, — part  is  in  the  silver  solution  as 
arsenious  acid,  part  in  the  tube  as  a  ring  of  metallic  arsenic. 
The  portion  of  the  tube  containing  the  metallic  arsenic  should 
be  cut  off  with  a  file  and  weighed,  the  arsenic  then  removed 
and  re -weighed;  the  loss  is  the  metal  approximately.  It  is 
alsor  possible  to  estimate  the  amount  of  arsenic  in  a  metallic  ring 

*  Nitrate  of  silver  solution  is  reduced  by  Hg,  CH3,  PH3,  and  SbHs  ;  hence 
it  is  absolutelv  necessary  in  any  qualitative  examination,  to  \ftQ»N^  \}c^^ 
arsenious  acid  has  actually  been  proouced  in  tVie  aVW«c  «o\\iM\c)»\i. 
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by  having  a  set  of  similar  depositB  of  known  weights  or 
quantities,  in  tubes  exactly  corresponding  to  those  used  in  t'  ' 
analysis,  and  aoniparing  or  matching  them. 

In   cases   wherR  a   very  small   qiuintity   of  arsenic  only  is       ' 
l>resent,  it  will  be  better  to  continue  the  heating  of  the  tube  until 
the  end  of  the  operation,  so  as  to  obtain  all  the  arsenic  present 
in  the  metallic  state  ;  the  nitrate  of  ailrer  solution  can  in  such 
a  case  be  omitted.     M.  Cromydis  *  has  given  some  analyses  in 
support  of  this  simple  and  easy  quantitative  and  quaUtativa  H 
process,  and  it  is  with  due  care  exact,  but  very  tedious  if  certain  ,fl 
organic  liquids  are  operated  upon. 

The  arsenioua  acid  in  the  nitrate  of  silver  may  be  dealt  with 
ill  several  ways.  The  equation  given  p.  372,  shovs  clearly  tliat 
pura  arsine  passed  into  nitrate  of  silver  solution  decomposes  it 
in  such  a  manner  that,  if  either  the  silver  deposited  or  the  free 
acid  ia  estimated,  the  quantity  of  arsenic  can  from,  such  data  be 
deduced.  In  operating  on  organic  liquids,  ammonia  and  other 
products  may  be  given  off,  readering  either  of  the  indirect 
jirocessea  inadvisable.  A  very  convenient  method,  ajijilicablf 
in  many  cases,  is  to  throw  out  the  silver  by  hydrochloric  acid, 
alkaliae  the  tiltrate  by  bicarbonate  of  soda,  and  titrate  with 
iodine  solution.  The  latter  is  made  by  dissolving  exactly  127 
grms.  of  pure  dry  iodine,  by  the  aid  of  18  grraa.  of  potassic  iodide 
in  one  litre  of  water,  obsei-ving  that  the  solution  must  take 
place  in  the  cold,  without  the  application  of  heat.  The  principle 
of  the  titration  is,  that  arscnious  acid,  in  the  presence  of  water 
and  free  alkali,  is  converted  into  avsenic  acid — 

AsjOj  +  41  =  2Na.O  +  AsjO^  +  INaT. 

The  end  of  the  reaction  is  known  by  adding  a  little  starch- 
paste  to  the  solution^  as  soon  as  a  blue  colour  appears,  the 
process  is  finished. 

Another  convenient  way  by  which  (in  very  dilute  solutions  of 
arsenious  acid)  the  arsenic  may  be  determined,  is  a  colorimelHc 
method,  wliich  depends  on  the  fact  that  sulphuretted  hydrogen, 
when  arsenious  acid  is  present  in  small  quantity,  produces  no 
]>recipitate  at  first,  but  a  yellow  colour,  proportionate  to  thi' 
amount  of  arsenic  present.  The  silver  solution  containing 
ai-senious  acid  is  freed  from  silver  by  hydrochloric  acid ;  a 
measured  quantity  of  saturated  SHj  water  is  added  to  a  fractional 
and,  if  necessary,  diluted  portion,  in  a  Nessler  cylinder  or 
colorimetric  apparatus,  and  the  colour  produced  exactly  imitated, 

•  BM.  Soe.  Cliim.\'!.\,  xi.i.'3A%,^A&. 
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by  the  aid  of  a  dilute  solution  of  arsenious  acid,  added  from  a 
burette  to  a  similar  quantity  of  SHj  water  in  another  cylinder. 
The  fluid  must  of  course  be  acidified  with  HCl.  . 

The  arsenious  acid  may  also  be  precipitated  as  tersulphide, 
and  the  tersulphide  dissolved  by  ammonia;  in  this  case  also  the 
silver  should  be  removed  from  the  solution  first. 

The  electrotype  method  of  evolving  nascent  hydrogen  is  without 
doubt  almost  perfect;  but  Davy's  method,  already  alluded  to 
(p.  383),  is  decidedly  more  convenient,  and  of  great  delicacy. 
The  only  objection  to  its  use  is,  that  it  introduces  mercury  into 
the  liquid  to  be  tested,  which  is  therefore  rendered  unfit  for 
subsequent  search  for  that  metal ;  it,  however,  but  rarely  happens 
that  the  material  operated  upon  is  so  scanty  that  the  chemist 
cannot  afford  a  carefully  weighed  or  measured  portion  to  be  used 
only  for  the  detection  or  exclusion  of  arsenic. 

The  method  has  been  very  prominently  brought  forward  by 
Dr.  E.  Davy,  *  and  is  simply  the  evolution  of  nascent  hydrogen 
by  sodium  amalgam.  In  the  original  paper  the  author  proposes 
it  as  a  qualitative  test  only,  and  uses  paper  soaked  in  argentic 
nitrate  solution  as  an  indicator.  It  is,  however,  obvious  that 
the  arsenic  evolved  may  be  absorbed  by  argentic  nitrate  solution, 
or  arsenic  deposited  as  a  metallic  coating  in  the  tube.  A  sodium 
amalgam  is  prepared  by  adding  1  part  of  sodium  to  10  parts  of 
mercury;  if  any  quantity  of  this  amalgam  is  required,  the  sodium 
may  be  melted  under  paraffin,  and  poured  in  a  thin  stream  on  to 
the  mercury,  f  which  becomes  solid  sooner  than  the  paraffin,  and 
the  latter  may  be  poured  off,  finally  cleansing  the  amalgam  by 
petroleum  ether.  This  amalgam  will  contain  no  arsenic;  but 
in  a  medico-legal  investigation  it  should  be  nevertheless 
tested,  by  evolving  hydrogen  from  water  with  it,  and  passing 
the  gas  for  an  hour  through  argentic  nitrate  solution.  A 
little  silver  may  be  precipitated,  giving  the  solution  a  slightly 
smoky  colour;  but  on  freeing  the  solution  from  silver  by 
HCl,  no  arsenic  should  be  detected  by  hydric  sulphide  or  other 
tests. 

The  quantitative  analysis  by  Davy's  test  is  made  by  placing 
in  a  flask  a  fractional  part  of  the  liquid  to  be  examined,  adding 
a  few  pieces  of  the  amalgam,  and  conducting  the  evolved  gas 
into  a  4  per  cent.  •  argentic  nitrate  solution.  The  flask  may  be 
conveniently  fitted  up  with  an  india-rubber  cork  pierced  by  two 
tubes,  the  one  a  thistle  funnel-tube,  reaching  nearly  to  the 
bottom,  the  other  commencing  at  the  lower  end  of  the  cork,  and 
leading  in  the  usual  way  into  the  silver  solution.    When  bubbles 

*  Chem.  News,  xxxiii.  5&. 
fibkl.,  xxxiii  94. 
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cease  to  come  ofT,  hent  sliould  be  applied,  and  the  ]aat  trace  oC 
arsine  driven  over  by  boiling.  After  boiling,  the  liquid  shouM 
be  cooled,  some  freah  emalgam  added,  and  the  process  repeated 
until  no  arsine  is  evolved.  In  [>ei'30nal  enperitnents  tipon  this 
method  (using  solutions  of  arsetiioua  acid  in  beer,  wiue,  apLrkts, 
urine,  &c.)  the  writer  has  found  it  accurate,  although  ofl«iL 
taking  considerable  time. 

Despite  the  advantages  of  the  processeti  described,  irliiclt  lire 
(to  a  certiiin  extent)  new,  easy,  and  accurate,  not  a  few  chemists 
still  prefer  the  old  method  of  precipitation  with  hydric  sulphide 
SHg,hec<iuae,althoughtediouB,ithas8tood  the  test  of  experience. 
If  this  be  used,  it  is  well  in  most  caaes  to  pass  sulphurous 
anhydride  through  the  liquid  until  it  smells  strongly  of  the. 
gas,  for  liy  this  means  any  an^euic  acid  present  is  reduced,  the 
sulphurous  anhydride  is  quickly  got  rid  of  by  a  current  of 
carbenic  anhydride,  and  then  the  liquid  is  saturated  wit}i 
hydric  sulphide.  In  the  ordinary  way,  much  time  is  often. 
wasted  in  saturating  the  liquid  with  this  gas.  Those,  howevof^' 
who  have  large  laboratories,  and  daily  employ  hydric  s\il|'liide. 
possess  {or  should  ]iossess)  a  w.iter  saturated  with  tht;  gas  uudi-v 
pressure;  such  a  liquid,  added  in  equal  volume  to  an  arsenical 
solution,  is  able  to  convert  the  whole  of  the  arsenic  into  sulphide 
in  a  very  few  minutes.  Those  who  do  not  possess  this  hydric 
sulphide  water  can  saturate  in  an  hour  the  liquid  to  be  tested, 
by  passing  the  gas  in  under  pressure.  A  convenient  method  is 
to  evolve  SHj  from  sulphide  of  antimony  and  HCl ;  the  gas 
passes  first  into  a  wash-bottle,  and  then  into  a  strong  flask 
containing  the  solution  under  trial.  This  flask  is  furnished  with 
a  safety-valve,  ])roportioned  to  the  strength  of  the  apparatus  ; 
the  two  tubes  dipping  into  the  wash-bottle  and  the  last  flask 
are  provided  with  Bunsen's  valves,  which  only  allow  the  gas  to 
pass  in  one  direction.  The  hydric  sulphide  is  then  driven  ovpr 
by  heat,  and  when  sufiicient  gas  has  in  this  way  jtassed 
into  the  liquid,  the  flame  is  withdrawn,  and  tlie  apparatus 
allowed  to  stand  for  some  hours,  the  valves  preventing  anj- 
backward  flow  of  the  liquid  or  gas.  When  the  precipitate  has 
settled  to  the  bottom,  the  supernatant  fluid  is  carefully  passed 
through  a  filter,  and  the  precipitate  washed  by  decantation  in 
the  flask,  without  transference  to  the  filter,  if  it  can  Im- 
avoided. 

The  sulphide  thus  obtained  is  the  trisulphide  of  arsenic,  mixed 
with  sulphur,  and,  in  most  medico-legal  inquiries,  contaminated 
l>y  organic  matter.  It  is  therefore  too  impure  to  be  directly 
weighed,  and  there  arc  several  methods  of  purification  open  to 
the  analyst. 
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(ow)  SohUion  in  Ammonia  and  Estimation  by  Iodine,  * — The 
filter  is  pierced,  the  sulphide  washed  into  a  fiask  by  ammonia 
water  (which  need  not  be  concentrated),  and  dissolved  by  warm- 
ing with  ammonia  water,  filtered  from  any  insoluble  matter, 
neutralised  by  ammonia,  and  estimated  by  iodine  and  starch 
(p.  392). 

{b.)  Drying  the  Purified  Precipitate  at  a  high  temperature^  and 
then  directly  weighing,  t — The  sulphide  is  dissolved  as  before  in 
ammonia,  filtered,  and  evaporated  to  dryness  in  a  porcelain  dish, 
which  is  placed  with  its  contents  on  a  sand-bath,  and  heated 
carefully.  With  attention  it  is  easy  to  evaporate  off  in  this 
way  any  free  sulphur,  X  and  to  carbonise  the  traces  of  organic 
matter,  without  any  volatilisation  of  the  sulphide  of  arsenic. 
The  black  mass  is  once  more  dissolved  in  ammonia,  filtered,  and 
the  filtrate  evaporated  in  a  tared  porcelain  dish  to  dryness,  and 
finally  weighed  as  sulphide  of  arsenic. 

(c.)  Oxidation  of  the  Sulphide  and  Precipitation  as  Ammonia 
Magnesian  Arseniate,  or  Magnesia pyroarseniate. — The  tersulphide, 
as  before,  is  dissolved  in  ammonia  (not  omitting  the  filter  paper, 
which  should  be  soaked  in  this  reagent),  the  solution  filtered, 
and  evaporated  to  dryness.  The  dry  residue  is  now  oxidised  by 
fuming  nitric  acid,  taking  care  to  protect  the  dish  with  a  large 
watch-glass  (or  other  cover)  during  the  first  violent  action ;  the 
dish  is  then  heated  in  the  water-bath  until  all  the  sulphur  has 
disappeared,  and  only  a  small  bulk  of  the  liquid  remains ;  it  is 
then  diluted  and  precipitated  by  *^  magnesia  mixture. "§  The 
fluid  must  stand  for  several  hours,  and  if  the  arsenic  is  to  be 
determined  as  the  usual  ammoniacal  salt,  it  must  be  passed 
through  a  weighed  filter,  and  washed  with  a  little  ammoniacal 
water  (1  : 3).  The  solubility  of  the  precipitate  is  considerable, 
and  for  every  16  ca  of  the  filtrate  (not  the  washings)  1  mgrm.  must 
be  allowed.  The  precipitate  dried  at  100°C.,  2(NH4Mg  A.80^)H20 
represents  39 '47  per  cent,  metallic  arsenic. 

The  solubility  of  the  magnesium  arseniate  itself,  and  the 
general  dislike  which  chemists  have  to  weighing  in  such 
hygroscopic  material  as  a  filter  are,  perhaps,  the  main  reasons 
for  the  variation  of  this  old   method,  which  has  lately   come 

*P.  Champion  and  H.  Pellet,  BuU,  Soc  Chim,  [2],  xxvj.  541-544. 

tF.  Mohr,  •*  Chemiflche  Toxicologie,"  p.  56. 

X  Ammonia  always  dissolves  some  free  sulphur. 

^  Magnesia  mixture : 

Sulphate  of  magnesia, I 

Chloride  of  ammonium, I 

Solution  of  ammonia, 4 

Water, %» 

dissolve;  ihen  allow  to  stand  for  several  days ;  &nsA\7  ^Xax^  wA>ifi«^  ^^'^  ^^^' 
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into  notice.  ItoBO  proposed  some  time  ago  the  conversion 
of  the  double  salt  into  the  pyroarseniate,  a  method  ooDdemned' 
by  Freseiiiu3  and  Purnell,  hut  ejiamined  and  pronouDced^ 
a  practicahle  and  accurate  process  by  Remol,  Bammelsberg) 
Thorpe,  Fuller,  Witts tein,  Emerson,  Macivor,  Wood,  and. 
Brauner.  The  modification  of  Rose's  process,  recommended 
hv  Wood,*  and  still  further  improved  by  Brauner,+  may  bo 
accepted. 

The  precipitation  is  effected  by  ma^^esia  mixture,  with  the 
addition  of  half  its  bulk  of  slcohol.  The  solution  is  allowed  to 
stand  for  several  hours,  until  it  is  possible  to  decant  the  cleflr 
liquid  from  the  precipitate  ;  the  latter  is  now  dissolved  in  HCl, 
re  precipitated  as  before,  thrown  on  a  small  filter,  and  washed 
with  a  mixture  of  one  volume  of  ammonia,  two  volumes  of  alcohol, 
and  three  of  water.  The  precipitate  is  now  dried,  and  trans- 
ferred BB  completely  as  possible  from  the  filter  into  a  small 
porcelain  crucible,  included  in  a  larger  one  made  of  platinum, 
uioistpneJ  with  nitric  acid,  covered  and  heated  at  first  gently, 
lastly  to  a  bright  rtdlitss  ;  tli.'  lilti^f  i»  then  trpiited  similiicly.  and 
tlie  crucible  with  its  contents  weighed.  Fyroarseniate  of  arsenic 
(Mg^AsJO,)  contains  4829  per  cent,  of  metallic  arsenic. 

(d.)  Cmversion  of  the  Trigidphide  of  Arumic  into  the  Arsenomo- 
lybdale  of  Avimonia. — The  purified  sulphide  is  oxidised  by  nitric 
acid,  the  acid  solution  is  rendered  alkaline  by  ammonia,  and  then 
precipitated  by  a  molybdenum  solution,  made  as  follows: — 100 
gnns.  of  molybdic  acid  are  dissolved  in  150  cc.  of  ordinary 
ammonia  and  80  of  water;  this  solution  is  poured  drop  by  drop 
into  500  cc.  of  pure  nitric  acid  and  300  cc.  of  water  ;  it  is  allowed 
to  settle,  and,  if  necessary,  filtered.  The  molybdic  solution  must 
be  mixed  in  excess  with  the  liquid  under  treatment,  the  tempera- 
ture raised  to  70°  or  80°,  and  nitric  acid  added  in  excess  until  a 
yellow  coloration  appears;  the  liquid  is  then  passed  through  a 
tared  filter,  and  dried  at  100°C.  It  contains  5-1  per  cent,  of 
araeQicacid[3-3  As].t 

(e.)  Gonvernon  of  the  Sulphide  into  Metallic  Arsenic. — If  there 
should  be  any  doubt  as  to  the  nature  of  the  precipitated  sub- 
stances, the  very  best  way  of  resolving  this  doubt  is  to  reduce 
the  sulphide  to  metal.  The  original  process  of  Fresenius  was  to 
mix  the  sulphide  with  carbonate  of  soda  and  cyanide  of  potas- 
sium, and  place  the  mixture  in  the  wide  part  of  a  tube  of  hard 
(jerman  glass,  drawn  out  at  one  end  to  a  capillary  fineness.  Car- 
bonic anhydride,  ]>roperly  dried,  was  passed  through  the  tube, 

•  ZeilKhriftfiir  Anat.  Ckem.,  xiv.  356. 

t  Ibid.,  xvj.  67,  58. 

J  Champion  and  Pettet,  BmU.  Sot.  <3Km.,iKii,"  ,\5frv. 
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and  the  portion  containing  the  mixture  heated  to  redness;  in 
this  way  the  arsenical  sulphide  was  reduced,  and  the  metal  con- 
densed in  the  capillary  portion,  where  the  smallest  quantity  could 
be  recognised.  A  more  elaborate  and  accurate  process,  based  on 
the  same  principles,  has  been  advocated  by  Mohr  : — * 

A  convenient  quantity  of  carbonate  of  soda  is  added  to  the 
sulphide,  and  the  whole  mixed  with  a  very  little  water,  and 
gently  warmed.    The  yellow  precipitate  is  soon  dissolved,  and 
then  the  whole  is  evaporated  carefully,  until  it  is  in  a  granular, 
somewhat  moist,  adhesive  state.     It  is  now  transferred  to  a  glass 
tube,  open  at  top  and  bottom,  but  the  top  widened  into  a  funnel ; 
this  tube  is  firmly  held  perpendicularly  on  a  glass  plate,  and  the 
prepared  sulphide  hammered  into  a  compact  cylinder  by  the  aid 
of  a  glass  rod,  which  just  fits  the  tube.     The  cylinder  is  now  dried 
over  a  flame,  until  no  more  moisture  is  to  be  detected,  and  then 
transferred  into  a  glass  tube  four  or  five  inches  long,  and  with 
one  end  drawn  to  a  point  (the  weight  of  this  tube  should  be  first 
accurately  taken).     The  tube  is  connected  with  the  following 
series : — (1.)  A  chloride  of  calcium  tube;  (2.)  a  small  bottle  contain- 
ing nitrate  of  silver  j  (3.)  a  hydrogen-generating  bottle  containing 
zinc  and  sulphuric  acid.     The  hydrogen  goes  through  the  argen- 
tic nitrate  solution,  leaving  behind  any  sulphur  and  arsenic  it 
may  contain ;  it  is  then  dried  by  chloride  of  calcium,  and  streams 
in  a  pure  dry  state  over  the  cylinder  of  prepared  sulphide. 
When  it  is  certain  that  pure  hydrogen,  unmixed  with  air,  is 
being  evolved,  the  portion  of  the  tube  in  which  the  cylinder 
rests  is  heated  slowly  to  redness,  and  the  metallic  arsenic  sub- 
limes at  a  little  distance  from  the  source  of  heat.     Xo  error  with 
regard  to  impurities  in  the  gas  is  likely  to  occur ;  but  in  rigid 
inquiries  it  is  advisable  to  heat  a  portion  of  the  tube,  previous 
to  the  insertion  of  the  cylinder,  for  some  time,  in  order  to  prove 
the  absence  of  any  external  arsenical  source.     Loss  is  inevitable 
if  the  tube  is  too  short,  or  the  stream  of  hydrogen  too  powerful. 
The  tube  after  the  operation  is  divided,  the  portion  soiled  by 
the  soda  thoroughly  cleansed,  and  then  both  parts  weighed ; 
the  difference  between  the  weight  of  the  empty  tube  and  the 
tube  +  arsenic  gives  the  metallic  arsenic. 

This  is  the  process  as  recommended  by  Mohr ;  it  may,  how- 
ever, be  pointed  out  that  the  glass  tube  itself  loses  weight 
when  any  portion  of  it  is  kept  red-hot  for  some  little  time ; 
and  therefore,  unless  the  crust  is  required  in  the  original 
tube,  it  is  better  to  divide  it,  carefully  weigh  the  arsenical 
portion,  remove  the  crust,  and  then  reweigh.  The  method 
is  nearly  but  not  perfectly  accurate ;  for  if  the  wbit«  ^VkaXSsi^ 

♦  Moir's  "Toxicologie,"  p.  51. 
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residue  be  examineil,  arspaic  will  be  detected  in  it,  the  reitaoii 
being  that  the  arsenical  sulphide  geserally  cont&ina  penta- 
aiiljiliide  of  arseaic  as  well  Be  free  sulphur.  Now  the  peutaeul- 
pliidc  does  not  give  up  metnUic  araenic  when  treated  as  before 
tietaileii  ;  nor,  indeed,  doea  the  tviaulphide,  if  mixed  with  mnoh 
sulphur,  yield  an  arsenical  crust.  It  is,  therefore,  of  great 
iiiomeut  to  free  the  precipitate  as  much  as  poaaible  from  sulphur, 
before  attempting  the  reduction. 

The  development  of  a  reducing  gas  from  a  special  and  some- 
what complicated  apparatus  b  not  absolutely  necessary.  Xhe 
wiiole  ]>roce8a  of  reduction,  from  beginning  to  end,  may  talce  place 
in  a  single  tube  by  any  of  the  following  processes; — (I.)  The 
sulphide  is  mixed  with  oxalate  of  aoda  (a  salt  which  cont^una  no 
water  of  cryatallisation),  and  the  dry  mixture  is  transferred 
to  a  suitable  tube,  sealed  at  one  end.  An  arsenical  mirror  is 
readily  obtained,  and  if  the  heat  is  continued  long  enough,  no 
arseiiic  remaina  behind — an  excellent  and  easy  method,  in  which 
the  reducing  gas  is  carbonic  oxide,  in  an  atmosphere  of  carbonic 
anhydride,  (i.)  The.  snlphide  is  oiidin.-il  by  n.iQa,  reg;!ii,  and  th^ 
Jiolutioii  evajioriiti'd  to  complete  dryness.  The  residue  is  then 
dissolved  in  a  few  drops  of  water,  with  the  addition  of  some 
largish  gi'ains  of  good  wood  charcoal  (which  absorb  most  of  tht^ 
solution),  and  the  whole  carefully  dried.  The  mass  ia  now 
transferred  to  a  tube  closed  at  one  end,  a  little  charcoal  added 
in  the  form  of  an  upper  layer,  and  heat  applied  first  to  this  upper 
layer,  so  aa  to  replace  the  air  with  CO^,  and  then  to  bring  the  whole 
tube  gradually  to  redness  from  above  downwards.  In  this  case 
also  the  whole  of  the  arsenic  sublimes  as  a  metallic  mirror. 

There  are  various  other  modifications,  but  the  above  are 
trustworthy,  and  quite  sufficient.  Bnigelmann'a  method  of 
determining  arsenic,  elsewhere  described,  would  appear  to  pos- 
sess some  advantages,  and  to  promise  well ;  but  the  writer  has 
had  no  personal  experience  of  it  with  regard  to  arseaic. 

(/.)  ConveTBion  of  Arsenic  into  Araenious  Chloride,  AsCIj. — This 
process,  first  employed  by  Schneider  and  Fyfe,  and  afterwanis 
modified  by  Taylor,  difl'era  from  all  the  preceding,  since  an 
attempt  is  mode  to  separate  by  one  operation  volatile  metallic 
chlorides,  and  to  destroy  the  organic  matter,  and  thus  obtain  two 
liquids — one  a  distillate — tolerably  clear  and  free  from  solid 
imrticles,  whilst  the  mass  in  the  retort  retains  such  metals  as 
copper,  and  is  in  every  way  easy  to  deal  with. 

Schneider  and  Fyfe  employed  sulphuric  acid  and  common  salt ; 
but  Taylor  recommends  hydrochloric  acid,  which  is  in  every  respect 
preferable.  Aa  recoromenieA  Vj  Ta-ylor,  all  matters,  otgiuiic  or 
otiierwise,  are  to  te  conn)\eteVj  iBKMx*Xeft.^JAtnftl^]Ba\r  reductioa 
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into  a  retort,  and  on  these  dried  substances  sufficient  pure  hydro- 
chloric acid  poured,  and  the  distillation  pushed    to  dryness. 
Every  one  is  well  aware  how  tedious  is  the  attempt  to  dry 
perfectly  the  organs  of  the  body  (such  as  liver,  &c.)  at  any 
temperature  low  enough  to  ensure  against  volatilisation  of  such  a 
substance  as,  6.^.,  calomel.     This  drying  has,  therefore,  been  the 
great  stumbUngblock  which  has  prevented  the  general  application 
of  the  process.     It  will  be  found,  however,  that  drying  in  the 
ordinary  way  is  by  no  means  necessary.     The  writer  cuts  up  the 
solid  organ  (such  as  liver,  brain,  &c.)  with  scissors  into  small 
pieces,  and  transfers  them  to  a  retort  fitted  by  an  air-tight  joint 
to  a  Liebig  condenser;  the  condenser  in  its  turn  being  connected 
with  a  flask  by  a  tube  passing  through  an  india-rubber  stopper. 
Another  tube  from  the  same  flask  is  connected  with  india-rubber 
piping,  which  terminates  ultimately,  by  an  iron  tube,  in  an  open 
fire,  furnace  chimney,  or  other  place  convenient  for  conveying  off 
the  very  offensive  vapours  from  the  laboratory.     The  distillation 
is  now  earned  on  to  carbonisation ;  on  cooling,  a  second  quantity 
of  hydrochloric  acid  is  added,  and  the  last  fraction  of  the  distillate 
eicamined  for  arsenic.     If  any  is  found,  a  third   distillation  is 
necessary.     At  the  termination  of  the  operation  the  retort  is 
washed  with  water,  the  solution  filtered,  and  this  solution  and 
the  distillate  are  each  separately  examined  for  arsenic.    If  properly 
performed,  however,  the  second  distillation  brings  over  the  whole 
of  the  arsenical  chloride,*  and  none  will  be  found  in  the  retort. 
With  good  management  there  is  no  odour,  nor  is  there  any  loss 
of  substance.     In  the  distillate  the  arsenic  can  hardly  be  in  the 
form  of  arsenious  chloride,  but  rather  arsenious  acid  and  hydro- 
chloric acid ;  for  the  chloride  easily  splits  up  in  the  presence  of 
water  into  these  substances.     However  that  may  be,  it  is  in  a 
condition  to  be  very  easily  dealt  with.     It  is  perhaps  best  to 
convert  it  into  the  trisulphide.     Taylor  t  recommends  evolving 
arsine  in  the  usual  way,  and  passing  the  arsine  (AsHj)  into 
solution  of  silver  nitrate,  finally  estimating  it  as  an  arseniate 
of  silver.     Objections  with  regard  to  the  impurity  of  reagents 
should  be  met  by  blank  experiments.     Kaiser  %  has  proposed 
and  practised  a  modification  of  this  method^  which  essentially  con- 
sists in  the  use  of  sulphuric  acid  and  sodic  chloride  (as  in  Schneider 
and  Fyfe's  original  process),  and  in  passing  the  distillate  first 

*  Dragendorff  asserts  to  the  contrary  ;  but  we  may  ^uote  the  sathority 
of  Taylor,  who  has  made  several  experiments,  in  which  he  obtained  aU 
the  arsenic  as  chloride.  The  writer  has  performed  the  process  many  times, 
and  each  time  carefully  testing  the  mass  in  the  retort  for  arsenic;  but 
the  result  proved  that  it  had  entirely  passed  over. 

t  "  Principles  of  Medical  Jurisprudence,"  L  2fin* 

X  ZtiUchr,/.  Anal  Ohem.,  ziv.  250-281. 
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into  a  fiask  containing  a  crjBta.1  or  two  of  potassium  chlorate, 
aad  thence  into  an  alraorption  bulb ;  in  the  latter  most  of  the 
arseniu  is  found  in  the  form  of  a.reenic  acid,  the  chloride  having 
been  oxidised  in  ita  passage.  The  apparatus  is,  however,  com- 
plicated in  this  VAy  without  a  corres ponding  advantage. 

5  137.  77ic  Action  of  Arnniieal  Ftima  on  Plant*— The  action 
of  fiinieH  of  arsenic  on  plants  occasionally  becomes  a  legal 
queRtiou.  Vapours  containing  arsenic  evolved  from  works  are 
Heldom,  perhaps  never,  simply  arsenical,  but  mixed  with  other 
objectionable  gases,*  so  that  an  accurate  estimation  of  the 
damage  and  danger  done  by  arsenic  alone  is  perhaps  hardly 
possible.  The  present  Btate  of  knowledge  with  regard  to  tlie 
action  of  simply  arsenioua  acid  fumes  seems  to  be,  that  if  the 
fumes  arc  not  in  gre^t  excess,  but  little  alteration  is  observed.t 

Arsenic  in  sufficient  quantity  to  affect  plants  produces  shed- 
ding of  the  leaves  and  rapid  withering;  the  action  is  most 
iutensn  on  grass  and  com  fields;  trees  are  less  susceptible. 

Poultry,  bees,  &c..  are  often  poisoned  in  the  neighbourhood  of 
nrseniual  works  from  nbanrption  of  the  dust.  J 

Superphosphate  of  manure  is  frequently  rich  in  arsenic.  I)r. 
Edmund  Davy  asserts  that  plants  to  which  such  manure  is 
applied  take  up  arsenic  in  their  tissues,  sod  M.  Andouard  has 
made  a  similar  statement.  TuBon§  has  also  undertaken  some 
experiments,  which  confirm  Andouard  and  Davy's  researches. 
The  bearing  of  this  with  relation  to  the  detection  of  arsenic  in 
the  stomachs  of  the  herbivora  needs  no  comment. 


II.— AMTmONY. 

§  138.  Metallic  Antimony. — .Atomic  weight,  122;  specific 
gravity,  6715;  fiising  point,  about  earC.  (1150°F.)  In  the  course 
of  analysis,  metal]ic  antimony  may  be  seen  as  a  black  powder 
thrown  down  from  solutions;  as  a  film  deposited  on  copper  or 
platinum;  and  lastly,  as  a  ring  on  the  inside  of  a  tube  from  the 
decomjiosition  of  stibine.  At  a  bright-red  heat  it  is  volatilised 
slowly,  oven  when  hydrogen  is  passed  over  it ;  chlorine,  bromine, 
and  iodine  combine  with  it  directly.  It  may  be  boiled  in  con- 
centrated HC'l  without  solution;  but  aqiia  regia,  sulphides  of 
potassium   and   sodium    readily    dissolve   it.       The   distinction 

•  3  Rep.  Local  Gov.  Board. 

t  Ibid. 

X  EMlentiCTa-.  ' '  Gcrerbe  Hyaifene." 
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between  thin  films  of  this  metal  and  of  arsenic  on  copper  and 
f^lass  are  pointed  out  at  p.  385.  It  is  chiefly  used  in  the  arts 
for  purposes  of  alloy,  and  enters  to  a  small  extent  into  the  com- 
position of  fireworks  (vide  p.  405). 

§  139.  ArUimonioua  Sulphide, — Sulphide  of  antimony  =  340 ; 
composition  in  100  parts,  Sb  71*76,  S  28*24.  The  commercial 
article,  known  under  the  name  of  black  antimony,  is  the  native 
sulphide,  freed  from  siliceous  matter  by  fusion,  and  afterwards 
pulverised.  It  is  a  crystalline  metallic-looking  powder,  of  a 
steel-grey  colour,  and  is  often  much  contaminated  with  iron, 
lead,  copper,  and  arsenic. 

The  amorphous  sulphide  (as  obtained  by  saturating  a  solution 
of  tartar  emetic  with  SHg)  is  an  orange-red  powder,  soluble  in 
potash,  ammonic,  sodic,  and  potassic  sulphides ;  and  dissolving 
also  in  concentrated  hydrochloric  acid  with  evolution  of  SH2. 
It  is  insoluble  in  water  and  dilute  acid,  scarcely  dissolves  in 
carbonate  of  ammonia,  and  is  quite  insoluble  in  bisulphite  of 
potash.  If  ignited  gently  in  a  stream  of  carbonic  acid  gas,  the 
weight  remains  constant.  To  render  it  anhydrous  a  heat  of 
200*C.  is  required. 

The  recognition  of  arsenic  in  the  commercial  sulphide  is  most 
easily  efiected  by  placing  2  grms.  or  more  in  a  suitable  retort 
(with  condenser),  adding  hydrochloric  acid,  and  distilling.  THe 
chloride  of  arsenic  passes  over  before  the  chloride  of  antimony ; 
and  by  not  raising  the  heat  too  high,  very  little  antimony 
will  come  over,  even  if  the  distillation  be  carried  almost  to 
dryness.  The  arsenic  is  detected  in  the  distillate  by  the  ordinary 
methods. 

Several  lamentable  accidents  have  happened  recently  through 
mistaking  the  sulphide  of  antimony  for  oxide  of  manganese,  and 
using  it  with  chlorate  of  potash  for  the  production  of  oxygen. 
The  addition  of  a  drop  of  hydrochloric  acid,  it  is  scarcely  neces- 
sary to  say,  will  distinguish  between  the  two. 

Antimony  is  frequently  estimated  as  sulphide.  An  amorphous 
tersulphide  of  mercury,  containing  a  small  admixture  of  anti- 
monious  oxide  and  sulphide  of  potassium,  is  known  under  the 
name  of  Kermea  mineral,  and  has  lately  been  employed  in  the 
vulcanising  of  india-rubber.  Prepared  in  this  way,  the  latter 
may  be  used  for  various  purposes,  and  thus  become  a  source 
of  danger.  It  behoves  the  analyst,  therefore,  in  searching  for 
antimony,  to  take  special  care  not  to  use  any  india-rubber  fittings 
which  m^ht  contain  the  preparation. 

A  perUaeulphide  of  antimony  (from  the  decomposition  of 
Schleppe's  salt  [NagSgS^  +  9H2O],  when  heated  with  an  acid\  \& 
used  in  calico-printing. 

2d 


iU'v  air. 

A  rrvst.il  ]>lao('d  in  tlu'   siih 
103;)-0.  <:^8«»-F.),  siiblimt-s  at 
scantily,  and  eliarsat  a  still  hi^ 
On  evaporating  a  few  drops  o 
examining  the  residue  by  the 
tetrahedra,  cubt*s,  or  branchec 
dimolve  5  of  tartar  emetic,  wl 
water  dissolves  ten  times  as  m 
decomposes  readily  with   the 
precipitate  with  ferrocyanide 
or  nitrate  of  silver,  unless  con< 

§  141.  Afelantimonic  Acid,  so 
from  its  insoluble  sodium  salt, 
ing  of  glass,  iK)rcelain,  and  ena 
as  antimony  ash,  to  the  glazing 

§  142.  PJkarmaceuticaly  Vetet 

o/Ah 

(1.)  Pharmaceutical  Preparai 
Oxide  of  Antimony f  Sb^Og,  is  a 
heat,  and  soluble  without  effer 
solution  responding  to  the  ordi 
may  be  present  in  it  as  an  im 
tection  is  to  throw  small  |)ortio 
when  very  small  quantities  oi 
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monj  and  two  parts  of  phosphate  of  lime;  in  other  words,  it 
ought  to  give  33*3  per  cent,  of  SbjO^ 

Tartar  Emeiic  itself  has  been  already  described.  The  prepara- 
tions used  in  medicine  are— 

The  Wine  of  Antimony  ( Vinum  antimoniale),  which  is  a  solution 
of  tartar  emetic  in  sherry- wine,  and  sho\ild  contain  10  grains  of 
the  salt  in  each  ounce  of  the  wine  (2*27  grains  in  100  cc.) 

AnHmony  Ointment  {UnguerUum  antimonii  tartarati)  is  a  me- 
chanical mixture  of  tartar  emetic  and  lard,  or  simple  ointment;* 
streiigth  20  per  cent. 

There  is  no  recorded  case  of  conviction  for  the  adulteration 
of  tartar  emetic;  cream  of  tartar  is  the  only  probable  addition. 
In  such  a  case  the  mixture  is  less  soluble  than  tartar  emetic 
itself,  and  on  adding  a  small  quantity  of  carbonate  of  soda  to  a 
boiling  solution  of  the  suspected  salt,  the  precipitated  oxide,  at 
first  thrown  down,  becomes  redissolved. 

Solution  of  Chloride  of  Antimony  is  a  solution  of  the  terchloride 
in  hydrochloric  acid ;  it  is  a  heavy  liquid  of  a  yellowish-red  colour, 
powerfully  escharotic;  its  specific  gravity  is  1*47.  One  drachm 
(3*549  cc.)  mixed  with  4  ounces  (112  cc.)  of  a  solution  of  tar- 
taric add  ('25  : 4),  gives  a  precipitate  with  SH^,  which  weighs  at 
least  22  grains  (1*425  grm.)  This  liquid  is  used  on  very  rare  occa^ 
sions  as  an  outward  application  by  medical  men ;  farriers  some- 
times employ  it  in  the  foot-rot  of  sheep. 

StdjphurcUed  Antimony  {Antimonium  siUphuratum)  is  a  mixture 
of  sulphide  of  antimony,  SbjSj,  with  a  small  and  variable  amount 
of  oxide,  SbgOg.  The  P.  B.  states  that  60  grains  (3 -888  grms.) 
dissolved  in  HCl,  and  poured  into  water,  should  give  a  white  pre- 
cipitate of  oxychloride  of  antimony,  which  (properly  washed  and 
dned)  weighs  about  53  grains  (3*444  grms.)  The  officinal  com- 
pound-pill of  subchloride  of  mercury  {PiltUa  hydrargyri  auh- 
ehloridi  compoeita)  contains  1  grain  ('0648  grm.)  of  sulphurated 
antimony  in  every  5  grains  ('324  grm.),  t.6.,  20  per  cent. 

(2.)  Patent  and  Quack  Pills  ;— 

Dr.  J.  Johnaon^a  PUla.  From  the  formula  each  pill  should  con- 
tain,— 

Grains.  Gnns. 

Compound  Extract  of  Colocynth,  2*5  -162 

Calomel, -62  -016 

Tartar  Emetic, -04  -002 

OU  of  Cassia, -12  -007 

3-28  -187 

*  SvBBfle,ointineDt  ia  composed  of  wlnte  ms.  %  \kA  Z^  iVmoiA  ^^ 
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The  oil  of  cMsid  can  be  extracted  ty  petroleum  ctlicr  ;  tHe 
calomel  sublimed  and  identified  by  the  methode  given  in  the 
nrticle  on  Merciwy;  the  antimony  deposited  in  the  metallic  slate  on 
{ilatinum  or  tin  i  and  the  colocyath  identified  as  under  article  Btxr. 

Mitcheir»  FilU  contain  in  eaoh  pill — 


Graiua 

Grnu. 

Aloes,      . 

11 

■070 

Rhubarb, 

1-6 

•103 

Calomel, 

•16 

010 

Tartar  Emetic, 

■05 

•003 

I 


2-91  -186 


Xhe  mineral  substances  in  this  are  easy  of  detection  by  tha 
methods  already  given ;  the  aloes  by  the  formation  of  chryBamauft  h 
acid,  and  the  rhubarb  by  its  niicroaoopical  characters.  ^J 

Dixoiis  Pills  probably  contain  the  following  in  each  pill : —    ^H 

Graina.  Omis. 

Compound  Extract  of  Colocynth,              20  1296 

Rhubarb, 10  0648 

Tartar  Emetic,         ....           -06  -0038 

306  'loss 

(3.)  Antimonial  Medinnea,  chiefly  Vet^nanj.* 
Liver  of  Antimony  is  a  preparation  formerly  much  used  by 
farriers.  It  is  a  mixture  of  antimonious  oxide,  sulphide  of  potas- 
sium, carbonate  of  potassium,  and  undecomposed  trisulphide  of 
antimony  (and  may  also  contain  sulphate  of  potassium),  all  in 
very  undetermined  proportions.  When  deprived  of  the  soluble 
pbtash  salts,  it  becomes  the  washed  saffron  of  antimony  of  the  old 
pharmacists.  A  receipt  for  a  grease-ball,  in  a  modern  veterinary 
work,  gives,  with  liver  of  antimony,  cream  of  tartar  and  guiacum 
as  ingredients. 

Hindis  Sweating-ball  is  composed  of  60  grains  (3888  grms.)  of 
tartar  emetic  and  an  equal  portion  of  assafffitida,  made  up  into  a 

*  There  bail  long  prevailed  an  idea  {the  truth  of  which  U  dnubtftil)  that 
.intiDionjr,  civen  to  unimolB.  improves  their  condition;  thus,  the  Kncydof. 
Brit.,  5th  ed.  Art.  "Antimony"^"  A  horse  that  is  lean  and  scrubby,  and  not  to 
be  (ntted  hy  any  means,  will  become  fat  on  taking  a  doac  of  antimony  erery 
mominafor  two  months  together.  A  hoar  fed  for  brawn,  and  hai-ina  an 
oiIDce  or  antimony  given  him  every  morDing,  will  become  fat  a  fnrtmehl 
sooner  than  others  put  into  tUo  stye  at  the  same  time,  and  fed  in  the  same 
manner,  but  without  tbe  uAiinQo^.""  ^xaNuMi^  Uw  writer  meaus  by  the 
term  antimony  the  impure  wxXftii&B. 
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ball  with  liquorice  powder  and  symp.  The  assafoetidawill  be 
readily  detected  by  the  odour,  and  the  antimony  by  the  methods 
already  recommended. 

Eihiopa  of  Antimony^  very  rarely  used  now,  is  the  mechanical 
mixture  of  the  sulphides  of  antimony  and  mercury, — proportions, 
3  of  the  former  to  2  of  the  latter. 

The  FLowera  of  Antimony  is  an  impure  oxy sulphide  of  anti- 
mony, with  variable  proportions  of  trioxide  and  undecomposed 
trisiilphide. 

Diaphoretic  Antimony  (calcined  antimony)  is  simply  antimoniate 
of  potash. 

Glass  of  Antimony  is  a  mixture  of  sulphide  and  oxide  of  anti- 
mony, contaminated  with  a  small  quantity  of  silica  and  iron.  A 
quack  pill,  by  name  WardJa  Red  Fill,  is  said  to  contain  glass 
of  antimony  and  ditLgon's  blood. 

Anlimonial  Compounds  uaed  in  Pyrotech/ny — 


Blue  fire : — 

Antimonious  Sulphide, 

Sulphur, 

Nitre,  . 


1 
2 
6 


This  composition  is  used  for  the  blue  or  Bengal  signal-light  at 
sea.  Bisulphide  of  carbon  and  water  are  solvents  which  will 
easily  separate  the  powder  into  its  three  constituents. 


Crimson  fire : — 
Potassic  Chlorate,   . 
Alder  or  Willow  Charcoal, 
Sulphur, 

Nitrate  of  Strontia, 
Antimonious  Sulphide,   . 


17-25 
4-5 

18- 

55- 
5-5 


The  spectroscope  will  readily  detect  strontia  and  potassium,  and 
the  analysis  presents  no  di£Giculty.  In  addition  to  these  a  very 
great  number  of  other  pyrotechnical  preparations  contain  antimony. 

§  143.  AUoya. — Antimony  is  much  used  in  alloys.  The  ancient 
Focukt  emetica,  or  everlasting  emetic  cups,  were  made  of  antimony, 
and  with  wine  standing  in  them  for  a  day  or  two  they  acquired 
emetic  properties.  The  principal  antimonial  alloys  are  Britannia 
and  type  metal,  the  composition  of  which  is  as  follows : — 

Tin,  Copper,  Antimony, 

per  cent,  per  cent.  per  cent. 

Britannia  Metal,  Best,       .         920  1*8  6-2 

Common,        921  2-0  59 

For  Castings,  92-9  Vft  V^ 

JFor  Lamps,    940  V^  VI 


cniornu'  oi  leail. 

§  14.").  Dune. — A  medicinal 
should  not  cxcet'd  a  ^rain  an 
cumstanet'S  favourin*;  its  actif 
has  proved  fatal;*  but  this  is  c 
men  would  consider  so  small  a 
adult,  especially  since  most  ] 
emetic  as  an  emetic  in  doses  : 
grra.).  The  smallest  dose  whi 
J  of  a  grain  (-048  grm.).t  Th 
and  cattle  is  very  large,  as  i 
being  often  given  to  a  horse  ix 
grains  (3 '8  grms.)  are  considere 
for  cattle ;  G  grains  are  used  a 
quantity  for  dogs. 

§  146.  Detection  of  Antimoi 
poisoning  by  tartar  emetic  it  is 
only  in  the  stomach,  the  greai 
vomiting,  which  nearly  alway 
certain  method  is,  where  posi 
cases  of  slow  |>oisoning  the  bn 
be  examined  :  for,  like  arseni 
nervous  tissues.^  If  it  should 
is  being  slowly  poisoned  by  ai 
that  the  poison  is  mainly  excre 
should  afford  some  indication, 
collect  a  considerable  quantity 
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IX  244  ;  or,  if  the  difltillation  process  givpn  at  p.  399  be 
employed,  the  antimony  may  be  found  partly  in  the  distillate, 
and  partly  in  the  retort.  In  any  case,  antimony  in  solution 
may  be  readily  detected  in  a  variety  of  ways,  one  of  the  most 
convenient  being  to  concentrate  on  tin  or  platinum,  to  dissolve 
off  the  antimonial  film  by  sulphide  of  ammonium,  and  thus 
produce  the  very  characteristic  orange  sulphide. 

If  a  slip  of  pure  tinfoil  be  suspended  for  six  hours  in  a 
solution,  which  should  not  contain  more  than  one-tenth  of  its 
bulk  of  HCl,  and  exhibit  no  stain  or  deposit,  it  is  certain  that 
antimony  cannot  be  present.  Antimony  may  also  conveniently 
be  deposited  on  a  platinum  dish,*  by  filling  the  same  with  the 
liquid  properly  acidulated,  and  inserting  a  rod  of  zinc ;  the 
metallic  antimony  can  afterwards  b^  washed,  dried,  and  weighed. 

Reinsch's  and  Marsh's  tests  have  been  already  described 
(pp.  383,  385),  and  require  no  further  notice.  There  is,  how- 
ever, a  very  beautiful  and  delicate  means  of  detecting  anti- 
mony, which  should  not  be  omitted.  It  is  beised  upon  the 
action  of  stibine  (SbHj)  on  sulphur. f  When  this  gas  is 
passed  over  sulphur,  it  is  decomposed  according  to  the  equa- 
tion, 2SbH3  +  6S  =  8^83  +  3SH2,  the  action  taking  place  slowly 
in  diffused  daylight,  but  very  rapidly  in  sunshine.  An 
ordinary  flask  for  the  evolution  of  hydrogen  (either  by  gal- 
vanic processes  or  from  zinc  and  sulphuric  acid),  with  its 
funnel  and  drying-tubes,  is  connected  with  a  narrow  tube 
having  a  few  fragments  of  sulphur,  kept  in  place  by  plugs  of 
cotton  wool.  The  whole  apparatus  is  placed  iu  sunshine;  if 
no  orange  colour  is  produced  when  the  hydrogen  has  been 
passing  for  some  time,  the  liquid  to  be  tested  is  poured  in 
graduaUy  through  the  ^nnel,  and  if  antimony  should  be  present, 
the  sulphur  acquires  a  deep  orange  colour.  This  is  distinct  even 
when  so  small  a  quantity  as  *0001  grain  has  been  added  through 
the  funnel.  The  sulphide  of  antimony  thus  mixed  with  sulphur 
can,  if  it  is  thought  necessary,  be  freed  from  the  sulphur  by 
repeated  exhaustion  with  bisulphide  of  carbon.  The  stibine 
does  not,  however,  represent  all  the  antimony  introduced,  a  very 
large  proportion  remaining  in  the  evolution  flask  ;^  hence  it 

*  According  to  Fresenins  {Zeitsehr,/.  Ann,  Chem,,  i.  445),  a  solntion  which 
contains  -rrhnr  of  its  weight  of  aDtimony,  treated  in  this  way,  gives  in  two 
minntes  a  brown  stain,  and  in  ten  a  very  notable  and  strong  dark-brown 
film.  When  in  the  proportion  of  1  to  20,000,  the  reaction  begins  to  be  cer- 
tain after  a  onarter  of  an  hoar ;  with  greater  dilution  it  requires  longer 
time,  1  to  40,000  giving  a  donbtAil  reaction,  and  1  to  50,000  not  respondmg 
at  idl  to  this  test. 

t  See  Ernest  Jones  on  Stibine,  Joum,  Chem.  iS^oc^i.,  IQTI^. 

X  Rieckher:  Jahresbericht,  1865,  p.  255. 
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next  saturated  ix  aitu  witli  ]> 
<li>.solvr  out  suljihido  of  aiiti 
aiiliuioiiy  will  ]>n'Sfiit  tiii'  clu 
iiiui'o  particular! V — 

(1.)  It  will  evolve  SH,,  wl 
same  time  pass  into  solution.^ 

(2.)  The  solution  evaporat' 
with  water  a  thick  cheesy  pr 
niony.  This  may  be  seen  if  oi 
taken  and  tested  in  a  watch-gl 

(3.)  If  tartaric  acid  boaddec 
does  not  occur. 

(4.)  The  solution  from  (3.) 

Sir. 

Such  a  substance  can  only 
regard  to  (2.),  bismuth  would 
cu instances  could  not  be  presei 
insoluble  in  sodic  sulphide. 

§  147.  Quantitative  Estimatio 
of  antimony  is  best  made  by  s< 
sulphide  can  be  dissolved  in  I: 
and  then  carbonate  of  soda  \ 
strength  of  the  solution  of  ta 
can   now    be    estimated   by  a 

*  The  action  of  salts  of  cacsiam  wi 

as  a  test  for  the  latter.     A  salt  of  ( 

chloride  of  antimony  in  concentrate 

antimony,  and  corresponds  to  the  foi 
similarlv—W  n-i-i- 
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the  end  reaction  being  indicated  by  the  previous  addition  of  a 
little  starch  solution,  or  by  a  solution  of  permanganate  of  potash, 
either  of  which  should  be  standardised  by  the  aid  of  a  solution  of 
tartar  emetic  of  knoMm  strength. 


m.— CADMIUM. 

§  148.  Cadmiwm,  Cd  =  112;  specific  gravity,  8*6  to  8*69;  fdsing 
point,  227-8^0.  (442°F.);  boiling  point,  860°O.  (1580^F.)--Cad- 
mium  in  analysis  is  seldom  separated  as  a  metal,  but  is  estimated 
either  as  oxide  or  sulphide. 

§  149.  Gadmiwm  Oxide,  CdO  =  128— cadmium  87*5  per  cent, 
oxygen  12*5  per  cent — ^is  a  yellowish  or  reddish-brown  powder, 
non-volatile  even  at  a  white  heat ;  insoluble  in  water,  but  dis- 
solving in  acids.  Ignited  on  charcoal,  it  is  reduced  to  metal,  which 
volatilises,  and  is  then  deposited  again  as  oxide,  giving  to  the 
ooal  a  distinct  coat  of  an  orange-yellow  colour  in  very  thin  layers 
— in  thicker  layers,  brown. 

§  150.  Cadmium  Sulphide,  CdS  =  144--Cd  77  to  78  per  cent., 
S  22  to  23  per  cent — known  as  a  mineral  termed  Greenockite. 
When  prepared  in  the  wet  way  it  is  a  lemon-yellow  powder, 
which  cannot  be  ignited  in  hydrogen  without  loss,  and  is  insol- 
uble in  water,  dilute  acids,  alkalies,  alkaline  sulphides,  sulphate 
of  soda,  and  cyanide  of  potassium.  The  solution  must  not  con- 
tain too  much  hydrochloric  acid,  for  the  sulphide  is  readily 
soluble  with  separation  of  sulphur  in  concentrated  hydrochloric 
acid.  It  may  be  dried  in  the  ordinary  way  at  100°C.  without 
suffering  any  decomposition. 

§  151.  Medical  Freparatume, — The  Iodide  of  Cadmium  (Cdlo) 
occurs  in  white  flat  micaceous  crystals,  melting  at  about  315*5°0. 
(600®r.),  and  at  a  dull  red  heat  giving  off  violet  vapour.  In 
solution  the  salt  gives  the  reactions  of  iodine  and  cadmium.  The 
B.  P.  states  that  10  grains  dissolved  in  water  give  a  precipitate, 
which,  after  being  washed  with  water,  and  then  with  half  an 
ounce  of  solution  of  ammonium,  and  dried,  weighs  12*5  grains 
(or  1  grm.  gives  a  silver  precipitate  weighing  1*25  grm.)  The 
ointment  of  iodide  of  cadmium  ( Unguentum  cadmii  iodidi)  con- 
tains the  iodide  in  the  proportion  of  62  grains  to  the  ounce,  or 
12*9  per  cent 

Cadmium  SulpIuUe  is  officinal  in  the  German  and  French 
pharmacopeias. 

§  152.  Cadmium  in  the  Arts,  &c. — Cadmium  is  used  in  vqxW;^ 
alloys.     The  sulphide  is  found  as  a  coVoutitl^  Vx^^v^'^^*  vk^ 
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certain  toUet-BoapH,  and  it  is  muck  vulttfid  by  artiata  as  a 
pigment.  The  iodide  of  cudmium  is  employed  in  photography, 
and  an  amalgam  of  metallic  cadmium  to  some  extent  in  dentistry. 

§  1>53.  Fatal  Dose  of  Cadmiwm. — Although  no  deaths  from 
cadmium  appear  to  have  as  yet  occurred,  its  growing  use  in 
photography,  tx.,  may  lead  to  accidents.  There  con  be  no  qnes- 
tion  about  the  poisonous  action  of  cadmium,  for  Marm^'  in 
liis  experiments  with  it  on  animals  observed  giddiness,  vomit- 
ing, syncope,  difficulty  in  respiration,  loss  of  consciousness,  and 
cramps.  The  amount  necessary  to  destroy  life  can  only  be 
gathered  from  the  experiments  on  animals:  a  strong  hound  died 
after  the  injection  of  '03  grm.  ('462  grain)  subcutaneously  of 
a  salt  of  cadmium;  kittens  are  poisoned  if  from  '30  to  -6  grain 
(■0194  to  '0388  grm.)  are  introduced  into  the  stomach.  A  watery 
solution  of  '5  grm.  (7'5  grains)  of  the  bromide  adminiiitered  to 
a  dove  caused  instant  death,  without  convulsion ;  the  same  dose 
of  the  chloride  killed  a  second  dove  in  six  minutes.  '25  grm. 
(3'85  grains)  of  sulphite  of  cadmium  administered  to  a  pigeon 
excited  vomiting,  and  after  two  hours  diarrhrea;  it  died  in 
eiglit  days.  Another  pigeon  died  from  a  similai-  dose  in  four 
teen  days,  and  cadmium,  on  analysis,  was  separated  from  the 
lirer.  From  the  above  cases  it  would  seem  probable  that  a 
drachm  would  be  a  dangerous  dose  of  a  soluble  salt  of  cadmium, 
and  that  in  a  case  of  chronic  poisoning  it  would  most  probably 
be  found  in  the  liver. 

§  154.  Separation  and  Detection,  of  Cadmium. — If  cadmium  be 
in  solution,  and  the  solution  is  not  too  acid,  on  the  addition  of 
3Hj  there  is  precipitated  a  yettow  sulphide,  which  is  dis- 
tinguished from  antimony  and  arsenical  sulphides  by  its  insolu 
bility  in  ammonia  and  alkaline  sulphides.  Should  all  three  sul- 
phides be  on  the  Glt-er  (an  occurrence  which  will  seldom,  perhaps 
never,  happen),  the  sulphide  of  arsenic  can  be  dissolved  out  by 
ammonia,  the  antimony  by  sulphide  of  sodium,  leaving  the 
sulphide  of  cadmium  as  the  residue.t 

The  further  tests  of  the  sulphide  are  r — 

(1.)  It  dissolves  in  dilute  nitric  acid  to  a  colourless  fluid,  with 
separation  of  sulphur. 

(2.)  The  solution  bltered  and  freed  from  exceiM  of  nitric  acid 
by  evaporation,  gives  a  white  precipitate  of  carbouate  of  cad- 
mium insoluble  in  excess.  This  distinguishes  it  from  linc. 
which  gives  a  similar  wliite  precipitate,  but  is  soluble  in  exces.": 
of  the  precipitant. 
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(5.) 


(3.)  The  carbonate  thus  obtained,  treated  in  platinum  foil,  is 
changed  into  the  brown-red  non-Tolatile  oxide. 

The  oxide  behaves  in  charcoal  as  already  detailed. 

A  metallic  portion  can  be  obtained  by  melting  the  oxide 
with  cyanide  of  potash ;  it  is  between  zinc  and  tin  in  brilliancy, 
and  makes  a  mark  on  paper  like  lead,  but  not  so  readily. 
There  are  many  other  tests,  but  the  above  are  conclusive. 

If  cadmium  in  any  case  be  specially  searched  for  in  the  organs 
or  tissues,  the  latter  should  be  boiled  with  nitric  acid.  The 
acid  solution  is  filtered,  saturated  with  caustic  potash,  evaporated 
to  dryness,  and  ignited ;  the  residue  is  dissolved  in  dilute  hydro- 
chloric acid,  and  treated  after  filtration  with  SH^.  Cadmium 
may  also  be  estimated  volumetrically  by  digesting  the  sulphide 
in  a  stoppered  flask  with  ferric  chloride  and  hydrochloric  acid ; 
the  resulting  ferrous  compound  is  titrated  with  permanganate, 
each  cc.  of  a  d.n.  solution  of  permanganate  =  *0056  grm.  of 
cadmium. 


(H.)  PRECIPITATE  BY  HYDRIC  SULPHIDE  IN  HYDRO- 
CHLORIC  ACID  SOLUTION— BLACK. 

LEAD— COPPER— BISMUTH— SILVER— MERCURY. 


L  LEAD. 


§  155.  Lead  and  its  Oxides. — Lead  is  a  well-known  bluish- 
white,  soft  metal ;  fusing  point,  325°C.;  specific  gravity,  11-36. 

Oxides  of  Lead, — The  two  oxides  of  lead  necessary  to  notice 
here  briefly  are — litharge  and  minium. 

LUhargey  or  OScide  of  Lead,  PbO  =  223 ;  specific  gravity,  9-2  to 
9'5 — Pb  92*82  per  cent.,  O  7*18 — is  either  in  crystalline  scales, 
a  fused  mass,  or  a  powder,  varying  in  colour  (according  to  its 
mode  of  preparation)  from  yellow  to  reddish-yellow  or  orange. 
When  prepared  below  the  temperature  of  fusion  it  is  called 
^^nuusicoL**  It  maybe  fused  without  alteration  in  weight;  in 
a  state  of  fusion  it  dissolves  silica  acid  and  silicates  of  the  earths. 
It  must  not  be  fused  in  platinum  vessels. 

Minium,  or  Red  Leady  2PbO,PbOj ;  specific  gravity  908^ is «. 
compound  of  protoxide  of  lead  with  th^  dioixi^^     \\i  Va  '^^  ^ 
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brilliaut  red  colour,  much  used  in  the  arts,  aud  espedallj  in  the 
])rejmriition  of  fliut-gliuts. 

§158.  Suiphida  of  Lead,  PbS  =  239;  Pb  80-61  per  cent,  S 
13-39  per  cent.,  occurring  in  the  usual  way,  ia  a  black  precipitete, 
insoluble  in  water,  dilute  acids,  alkoliea,  and  alkaline  sulphides. 
It  (lisscilves  in  strong  nitric  and  with  separation  of  sulphur. 
in  Btroiig  hydrochloric  acid  with  erotution  of  SHj.  Fuming 
nitric  iicid  does  not  separate  sulphur,  but  converts  the  anlphide 
into  sulphate. 

5  157.  SulpfMte  of  Lead,  PbSO^  =  303;  specific  gravity,  G-3; 
PbO  7361  per  cent,  SOj  26-39  per  cent— when  produced  arti- 
ficially i.s  a  heavy  white  powder,  of  great  insolubility  in  water, 
22,800  parts  of  cold  water  diasolving  only  one  of  lead  sulphate; 
utid  if  the  water  contains  gulphnric  acid,  no  less  than  36,500  parts 
of  water  are  required.  The  salts  of  ammonia  (especially  the 
acetate  and  tartrate)  dissolve  the  sulphate,  and  it  is  also  solnhle 
in  hypti.tiilphite  of  soda.  The  aulpliate  can  be  readily  changed 
into  the  carbonate  of  load,  by  boiling  it  with  solutions  of  the 
alkaline  cm-bonatea.  Tlio  suljdiato  of  lead,  fused  with  cviinide 
of  [lotasaium,  yields  metallic  lead;  it  may  be  also  reduced  on 
charcoal,  and  alone  it  may  be  fused  without  decomposition, 
provided  reducing  gases  are  excluded. 

§  158.  Acetats  of  Lead,  Sugar  of  Lead,  'Ph{C^Yip^„30'Hp  is 
found  in  commerce  in  white  spongy  masses  com]iosed  of  acicular 
crystals.  It  may,  however,  be  obtained  in  flat  four-sided  prisms. 
It  has  a  sweet  metallic  taste,  is  soluble  in  water,  and  responds 
to  the  usual  tests  for  lead.  The  P.B.  directs  that  38  grms.  dis- 
solved in  water,  require,  for  complete  precii>itation,  200  grain 
measures  of  the  volumetric  solution  of  o^ialic  acid,  corresponding 
to  22-3  grras.  of  oxide  of  lead. 

5  159.  Cklaride  of  Lead,  PbClj^aZS;  specific  gravity,  5-8— 
Pb  74-43  per  cent.,  CI  25-52  per  cent. — ia  in  the  form  of 
brilliant  crystalline  needles.  It  is  very  insoluble  in  cold  water 
containing  hydrochloric  or  nitric  acids.  According  to  Bischof, 
1C35  jmrts  of  water  containing  nitric  acid  dissolve  one  part  only 
of  chloride  of  lead.  It  is  insoluble  in  absolute  alcohol,  and 
sparingly  in  alcohol  of  70  to  80  per  cent.  It  fuses  below  red 
heat  without  losing  weight ;  at  higher  temperatures  it  may  be 
decomposed. 

§  16U.  Carbonate  of  Lead. — The  commercial  carbonate  of  lead 
(according  to  the  recent  very  exhaustive  researches  of  Wigner 
and  Harland")  is  composed  of  a  mixture  of  neutral  carbonate  of 

it  C<immCTtiui9.Kni^cmt  White  Lead,  byG.  W. 
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lead  and  hydrate  of  lead;  the  best  mixture  being  25  per  cent,  of 
hydrate^  corresponding  to  an  actual  percentage  of  12*3  per  cent, 
carbonic  acid.  The 'nearer  the  mixture  approximates  to  this 
composition  the  better  the  paint;  whilst  samples  containing  as 
mach  as  16*33  per  cent.,  or  as  little  as  10*39  per  cent.,  of  CO2 
are  practically  useless. 


§  161.  PreparaUona  of  Lead  used  in  Medicine,  the  Arts,  dec, 

(1.)  PharmaceiUicdl: — 

Leob^  Fleuter  (Emplaetrum  ptunM)  is  simply  a  lead  soap,  in 
which  the  lead  is  combined  with  oleic  and  margaric  acids. 

Lead  Iodide,  Pblj,  is  contained  in  the  Emplaetrum  plumbi 
iodidif  to  the  extent  of  20  per  cent.,  and  in  the  UngusrUum 
plumbi  iodidi  to  the  extent  of  about  11*4  per  cent. 

Acetate  of  Lead  is  contained  in  a  pill,  a  suppository,  and  an 
ointment.  The  pill,  PUtda  plumbic  opio,  contains  74  per  cent,  of 
lead  acetate,  and  12*5  per  cent,  of  opium,  the  rest  confection  of 
roses.  The  suppository  {Suppositoria  plumbi  eomposita)  contains 
^0  per  cent,  of  acetate  of  lead,  and  10  per  cent,  of  opium,  mixed 
with  oil  of  theobroma,  white  wax,  and  benzoated  ]ard.  The 
ointment  ( UnguerUum  plumbi  acetatie)  contains  24  per  cent,  of  lead 
acetate,  mixed  with  benzoated  lard. 

The  solution  of  subacetate  of  lead  (Liquor  plumbi  eubacetcUis)  is 
the  subacetate,  Pb(C2H302)2PbO,  dissolved  in  water.  The  P.B. 
states  that  413*3  grains  by  weight  (6  fluid  drachms)  require  for 
perfect  precipitation  810  grain  measures  of  the  volumetric  solu- 
tion of  oxalic  acid,  corresponding  to  about  30  grains  of  lead. 
In  other  words,  the  solution  must  contain  at  least  8*1  per  cent. 
of  oxide  of  lead. 

A  dilute  solution  of  the  stronger,  under  the  name  of  Liquor 
plumbi  subctcetatis  dUutuSy  and  commonly  called  Goulard  water,  is 
prepared  by  mixing  1*25  part  (by  volume)  of  the  solution,  and 
1'25  part  of  spirit,  and  making  up  to  100  parts  with  distilled 
water. 

There  is  an  ointment,  called  the  Compound  Ointment,  of  sub- 
acetate of  lead,  which  contains  the  subacetate  in  about  the 
proportion  of  2  per  cent  of  the  oxide,  the  other  constituents  being 
camphor,  white  wax,  and  almond  oil. 

Carbonate  of  Lead. — The  ointment  (Unguentum  plumbi  car- 
bonatis)  should  contain  about  11*4  per  cent  of  the  carbonate,  and 
the  rest  simple  ointment. 

(2.)  Quack  Nostrums,  &c : — 

The  quack  medicmea  composed  of  lead  «kX^  Tio\.NC«^  T>K3si«t<^^5i^ 
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Liebert'a  CosTnelique  Infaillible  is  said  to  have  foi'  its  basis 
nitrate  of  lead. 

One  of  "  Ali  Ahmeda  TTEomires  of  the  Deaert,"  viz.,  the  autoseptic 
lualagma,  is  &  plaster  innde  up  of  lead  plaster  375  per  ceut., 
Ii;iiin  thus  25  per  cent.,  salad  oU  35  per  cent.,  beeswax  13'5  per 

LeioW  Silver  Cream  contains  white  precipitate  and  a  salt  of 

Ooul/trd's  BaUam  is  made  by  tritorating  acetate  of  lead  with 
liot  oil  of  turpentine. 

There  are  various  ointments  in  nse  made  up  of  lithu^f. 
Some  herbalists  in  the  country  (from  cases  that  have  come  under 
the  writer's  own  knowledge)  apply  to  cancerous  ulcera,  Ac.,  a  lini- 
ment of  linseed  and  other  common  oils  mixed  with  litharge 
and  acetate  of  lead. 

Acetate  of  lead  may  be  also  found  as  a  constituent  of  varioRs 
eye- waters, 

(3.)   Pri^parationt  of  Lead  vseif  in  lite  Arts,  Ac.  :— 

Ledoi/en'a  Disinfecting  fluid  has  for  its  basis  nitrate  of  lead. 

In  various  hair-dyes,  the  following  are  all  used : — Litharge, 
lime,  and  starch  ;  lime  and  carbonate  of  lead  ;  lime  and  acetate 
of  lead ;  litharge,  lime,  and  potassic  bicarbonate.  The  detec- 
tion of  lead  in  the  hair  thus  treated  is  extremely  easy ;  it  may 
be  dissolved  out  by  dilute  nitric  acid. 

Lead  PigmenU. — The  principal  pigments  of  lead  are  white, 
yellow,  and  red. 

White  Figments ; — 

While  Lead,  Flake  Wkiie,  Ceruse,  Mineral  White,  are  8o  many 
ditferent  names  for  the  carbonate  of  lead  already  described. 

Newcastle  White  is  white  lead  made  with  molasses  vinegar. 

Nottingham  White. —  White  lead  made  with  alegar  (sour  ale), 
often,  however,  replaced  by  permanent  white,  t.e.,  sulphate  of 
baryta. 

Miniature  Painters'  White,  White  Precipitate  of  Lead,  is  simply 
lead  sulphate. 

PatUson's  WhiU  is  an  oxychloride  of  lead,  PbCIoPbO. 

Yellow  Pigments; — 

Chrome  Yellow  may  be  a  fairly  pure  chromate  of  lead,  or  it  may 
be  mixed  with  sulphates  of  lead,  barium,  and  calcium.  The 
pigment  known  as  Cologne  yellow  consists  of  25  parts  of  lead 
chromate,  15  of  Wd  sulphate,  and  60  of  calcic  sulphate.  The 
easiest  method  of  analysing  chrome  yellow  is  to  extract  with 
hoiiing  hydrochloric  acid  in  the  presence  of  alcohol,  which  dis- 
soives  the  chromium  aa  c\i\(«\.ift,^wi  leaves  undissolved  chloride 
of  lead,  sulphate  of  \ca4,  aui  o'Cdw  HvijiilWi'waNMwAa.'alfl  in  CIH. 
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Every  grain  of  chromate  of  lead  should  yield  0*24  grain  of  oxide 
of  chromium,  and  0*4  grain  of  chloride  of  lead. 

Tumer^$  Yellow,  CcuueUa  YeUow,  Patent  YeUow,  is  an  ozychlo- 
ride  of  lead  (PbCljTPbO)  extremely  fusible. 

Dutch  Pirue  sometimes  contains  white  lead. 

Red  Pigments: — 

Chrome  Red  is  a  bichromate  of  lead. 

Red  Lead  or  Minium,  is  the  red  oxide  of  lead. 

Orange  Red  is  an  oxide  prepared  by  calcining  the  carbonate. 

The  chief  preparations  of  lead  which  may  be  met  with  in  the 
arts,  in  addition  to  the  oxides  and  the  carbonate,  are— 

The  Nitrate  of  Lead,  much  used  in  calico-printing. 

The  Pyrolignite  of  Lead,  which  is  an  impure  acetate  used  in 
dyeing;  and 

The  StUphate  of  Lead  is  a  by-product  in  the  preparation  of 
acetate  of  aluminium  for  dyeing. 

The  alloys  containing  lead  are  extremely  numerous ;  but, 
according  to  the  experiments  of  Knapp,*  the  small  quantity 
of  lead  in  those  used  for  household  purposes  has  no  hygienic 
importance. 

§  162.  Lead  ae  a  Poison, — All  the  compounds  of  lead  are  said 
to  be  poisonous;  but  this  statement  cannot  be  regarded  as  entirely 
correct,  for  the  sulpbocyanide  has  been  proved  by  experiment  not 
to  be  80,t  and  the  sulphide  is  also  probably  inactive.  In  the 
treatment  of  cases  of  lead  poisoning,  however,  the  flowers  of 
sulphur  given  internally  appears  to  be  successful.  X 

Lead  poisoning,  either  in  its  obscure  form  (producing  uric  acid 
in  the  blood,  and,  as  a  consequence,  indigestion  and  other  evils), 
or  in  the  acute  form  (as  lead  colic  and  various  nervous  afiections), 
is  most  frequent  among  those  who  are  habitually  exposed  to  the 
influence  of  the  metal  in  its  diflerent  preparations,  viz. — workers 
of  lead,  house-painters,  artists,  gilders,  workers  of  arsenic, 
workers  of  gold,  calico-printers,  oolourists,  type-founders,  type- 
setters, shot-founders,  potters,  faience  makers,  braziers,  and 
many  others.§ 

Lead,  again,  has  been  found  by  the  analyst  in  most  of  the 
ordinary  foods,  such  as  flour,  bread,  beer,  cider,  wines,  spirits,  tea, 
vinegar,  sugar,  confectionery,  &c.,  as  well  as  in  numerous  drugs, 
especially  those  manufactured  by  the  aid  of  sulphuric  acid  (the 

•  DingL  Prolyl.  Joum.,  ccxx.  440-463. 

f  fiulenberg,  **Gewerbe  Hygitoe,'*  p.  712. 

t  •*Mohr's  Toxicologie,"  78. 

§  The  attention  which  the  use  of  lead  in  the  arts  has  always  excited  is 
evident  from  the  fact  that  one  of  the  oldest  works  on  Trade  Hy^hie  Cb^ 
Stockhansen)  is  entitled,  "De  lithargyrii  famo  noido,  tqox\»&s^  v^goin^^ 
metidlioo  hvquentiori  morbo,  vnlgo  dicto  Tiftttenkaize,^^  QkOni^T^  \^sS)^« 
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latter  nearly  alwavR  containing  lead),  and  those  ealtB  or  cUeniioftl 
products  which  (like  citric  and  tartaric  acida)  are  crystallised  in 
leaden  pans.  Hence  it  follows  that  in  almost  everything  eaten 
or  drunk  the  analyst,  as  a  matter  of  routine,  teats  for  lead.  The 
channels  through  which  it  may  enter  into  the  system  are,  liow- 
Hver,  so  perfectly  familiar  to  practical  chemists,  that  a  fewunwiui/ 
iastances  of  tead-]>oisoning  only  ueed  be  quoted  here. 

A  cabman  sufTerod  from  lead  colic,  traced  to  his  taking  tho  first 
glass  of  beer  every  morning  at  a,  certain  public-house  ;  the  beer 
standing  in  the  pipes  all  night,  as  proved  by  analysia,  was  strongly 
im|>regnated  with  lead.* 

The  employment  of  red  lead  for  repairing  the  Joints  of  st«am 
jiipes  has  before  now  oattsed  poisonous  symptoms  from  volatilisa- 
tion of  lead,  f  The  use  of  old  painted  wood  in  a  baker's  oven, 
and  subsequent  adherence  of  the  oxide  of  lead  to  the  outsid«  d 
the  loaves,  has  recently  caused  the  illness  of  sixty-six  people,  t,^^ 

Seven  persons  became  affected  with  lead-poisoning    tbran^^H 
horsehair  coloured  with  lead.§  ^^ 

Tlie  manufacture  of  Anieru-aii  nverhwl  rJotli  crtates  a  white- 
lead  dust,  which  has  caused  serious  symptoms  among  the 
workmen  (Dr.  G.  Johnton).  The  cleaning  of  pewter  pots,  ||  the 
handling  of  vulcanised  rubber.lT  the  wrapping  up  of  various 
foods  in  tinfoil,  ••  have  all  caused  accidents  in  man. 

Cattle  are  also  more  or  leas  frequently  poisoned  by  lead.  In 
one  case  under  the  writer's  notice,  a  field  had  been  manured 
with  the  refuse  of  a  plumber's  yard;  the  young  cattle,  attracted 
by  the  linseed  oil,  greedily  ate  tlie  lamps  of  paint  scattered  about 
the  field,  with  a  fatol  result  in  many  instances. t+  Casks  repaired 
with  old  lead  have  been  used  in  the  mashing  of  malt:  lite 
malt  subsequently  given  to  cattle  has  caused  death.  JJ  Taylor 
also  relates  the  cui-ious  instance  of  tlie  death  of  cattle  from 
eating  grass  covered  witji  the  splashes  of  lead  coming  from  « 
butts.  §§ 

The  lead  in  glass,  thongh  in  the  form  of  an  insoluble  silicate, 
is  said  to  have  been  dissolved  by  vinegar  and  other  acid  fluids  to 
a  dangerous  extent.     This,  however,  is  hardly  well  established.  !j{| 

•  Clum.  Nfinf.  t  Eulenbefa,  op.  ciL,  708. 

J  Annalead' Hygiene.  §  Hitag,  "Studien  iiber  Bleivergiftong." 

II  Mfd.  Otaeltf,  xlviij.  1047.     H  Pharm.  Joum.,  1870,  426, 
••  Taylor,  "Prin.  Med.  Juriapnidenee,"  I. 

++  The  ByroptomB  in  these  cattle  were  those  of  uraeinic  poisoning ;  in  one 
there  was  blindness  {Rrlinitis  (ilhuminuria},  and  the  kidneys  were  de^nr- 
rjited  precisely  as  in  Brieht's  disease. 
♦jEnlenberg,  op.  ril.,™.  §§ Taylor, 'on.  cil, 

BllSee  Aerlzl.  /nleHigensklatl.  /.   EaieTn.,Sio.i.,vae9;  Buehntr'4  P.ep- J- 
J*Aarm.     Bd.  19,  p.  1;  Jled.  CentTW.,S6:ttt.,\«fa,^.'ft. 
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LocaliscUum  of  Lead  in  tJie  lluman  Body. — According  to 
Henbely*  the  osseous  tissues  take  up  most  lead,  then  the  kidneys 
and  liver,  the  brain  and  spinal  cord,  and,  lastly,  the  muscles, 
heart,  and  lungs ;  the  latter  organs  standing  last.  It  is  of  no 
value  to  search  the  blood  for  lead ;  for  although  Tiedemann, 
Gmelin,  Lassaigne,  Chevallier,  and  others  have  frequently  done 
so,  only  traces  have  been  found.  It  nevertheless  is  taken  up  by 
the  blood,  and  forms  with  organic  bodies  compounds  soluble  with 
difficulty. 

Without  going  so  far  as  to  say  that  lead  is  a  natural  constituent 
of  the  body,  it  is  certain  that  it  may  be  frequently  met  with  in 
persons  who  have  been  apparently  perfectly  healthy,  and  quite 
free  from  all  symptoms  of  lead  poisoning.  Legrip  found  in  the 
liver  and  spleen  of  a  healthy  person,  5*4  mgrms.  of  lead  oxide 
in  every  kilogram;  Oidtmann,  in  the  liver  of  a  man  56  years  of 
affe,  1  mgrm.  of  lead  oxide  per  kilogram,  and  in  the  spleen  3 
mgrms.  per  kilogram.  Hence  the  analyst  in  searching  for  poison 
must  be  very  careful  in  his  conclusions.  Grave  and  serious 
errors  may  also  arise  from  complications ;  suppose,  e.g,,  that  a 
deceased  person  previous  to  death  had  partaken  of  game,  and 
inadvertently  swallowed  a  shot — if  the  analyst  had  not  carefully 
searched  the  contents  of  the  stomach  for  solid  bodies,  but  merely 
treated  them  at  once  with  acid  solvents,  he  would  naturally  get 
very  decided  lead  reactions,  and  would  possibly  conclude,  and 
ffive  evidence  to  the  effect,  that  a  poisonous  soluble  salt  of  lead 
had  been  administered  shortly  before  death. 

§  163.  Detection  and  Eetimation  of  Lead, — A  great  number  of 
fluids  (such  as  beer,  wines,  vinegar,  water,  &c.),  if  they  contain 
anything  like  the  amount  of  one-tenth  of  a  milligramme  in  100  cc. 
will  give  a  very  marked  dark  colour  with  SH2.  It  is,  however, 
usually  safest  in  the  first  place  to  concentrate  the  liquid,  to  add 
an  acid,  and  deposit  the  lead  on  platinum,  in  the  way  to  be  shortly 
described.  Nearly  all  the  lead  from  oils  and  fatty  matter  may 
be  dissolved  out  by  shaking  up  the  fat  with  dilute  nitric  acid ; 
if  necessary,  the  fat  should  previously  be  melted. 

If  (in  the  usual  course  of  routine  research)  a  hydrochloric  acid 
solution  is  obtained  from  the  treatment  or  destruction  of  organic 
substances  by  that  agent,  and  lead  sulphide  (mixed  possibly 
with  other  sulphides)  is  filtered  off,  any  arsenical  sulphide  may 
first  be  extracted  from  the  filter  by  ammonia,  and  any  anti- 
monious  sulphide  by  sodic  sulphide ;  then  the  sulphide  may  be 
extracted  by  warm  hydrochloric  acid,  which  will  leave  undis- 
solved such  sulphides  as  those  of  copper  and  mercury.      On. 

*  "  Pftthogenese  u.  Symptomatologie  der  chron.  'B\dNec^iS^^Qix%^^    "^e^^sv^ 
1871,  p.  M 
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When  ]ead  is  in  very  minute  quantity,  an  electrolytic  method 
is  generally  preferable ;  the  lead  is  precipitated  on  platinum  by 
using  a  similar  apparatus  to  that  in  Bloxam's  test,  described  at 
]>.  391 ;  the  liquid  to  be  tested  being  placed  in  the  inner  cell,  on 
identification  of  the  lead  film,  it  may  be  dissolved  in  nitric  acid,  and 
estimated  by  a  colorimetric  process.  For  the  estimation  of  the 
minute  fractions  of  a  grain  by  a  colour  method,  it  is  merely  neces- 
sary to  have  a  very  dilute  solution  of  acetate  of  lead,  to  add  a 
known  volume  of  SH2  water  to  the  liquid  to  be  tested  in  a  Nessler 
cylinder,  noting  the  colour,  and  add  to  another  a  known  quan- 
tity  of  the  standard  lead  solution  and  the  same  quantity  of  SHg 
as  was  added  to  the  first. 

The  process  has  an  advantage  which  is  great,  viz.,  that  it  either 
detects  copper  or  proves  its  absence  at  the  same  time;  and  there 
are  few  cases  in  which  the  analyst  does  not  look  for  copper  as  well 
as  for  lead.  Lead,  if  in  sufficient  quantity,  may  be  most  conveni- 
ently estimated  as  oxide,  sulphate,  or  chloride;  the  chief  properties 
of  these  substances  have  been  already  described. 
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§  164.  Copper,  Cu  =  63-5 ;  specific  gravity,  from  8-921  to  8-952 ; 
fusing  point,  1091°C.  (1996  **F.)  Copper  in  analysis  occurs  either 
as  a  film  or  coating  on  such  metals  as  platinum,  iron,  &c.,  or  in  a 
state  of  ^<b  division ;  or,  finally,  as  a  bead.  In  thin  films,  copper 
has  a  yellowish  or  a  yellowish-red  colour ;  it  dissolves  readily  in 
nitric,  slowly  in  hydrochloric  acid.  If  air  be  excluded  hydro- 
chloric acid  fails  to  dissolve  copper,  and  the  same  remark  applies 
to  ammonia ;  but  if  there  be  free  access  of  air,  ammonia  also  acts 
as  a  slow  solvent.  Metallic  copper  in  a  fine  state  of  division  can 
be  fused  at  a  white  heat  to  a  bright  bluish-green  globule,  which, 
on  cooling,  is  covered  with  black  oxide. 

§  165.  Cupric  Oxide  (GuO  =  79-5;  specific  gravity,  6-5;  com- 
position in  100  parts,  Cu  79-85,  O  20*15)  is  a  brownish-black  pow- 
der, which  remains  in  the  absence  of  reducing  gases  unaltered  at 
a  red  heat.  It  is  nearly  insoluble  in  water,  but  soluble  in  CIH, 
NO3H,  &c. ;  it  is  hygroscopic,  and,  as  every  one  who  has  made  a 
combustion  knows,  is  read[ily  reduced  by  ignition  with  charcoal 
in  the  presence  of  reducing  gases. 

§  166.  Cupric  Sulphide,  CuS  =  95-5,  produced  in  the  wet  way, 
is  a  brownish  powder  so  insoluble  in  water  that,  according  to 
Fresenius,  950,000  parts  of  water  are  required  to  d\a^c\v^  wj^fe^^ws?^ 
It  is  not  quite  insoluble  in  C1H|  and  ^ao\v«&  xoOb'^^  m  la^^^ 
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aciJ  witli  aeparation  of  sulphur.  By  iguition  in  a  stre&ra  of  11,,  it 
may  bo  converted  into  the  subaulphide  of  copper.  It  muati 
always  be  washed  by  SH,  water. 

§  167.  Solubility  of  Copper  in  Water  and  Farioiw  Fluid*.~Tba'- 
solubility  of  copper  in  water  and  saline  solutioDs  has  been  verjr_ 
carefully  studied  by  Carnelley.*  Diatilled  water  exerts  sonw 
solvent  nction,  the  amount  varying,  an  might  be  expected,  accord- 
ing to  the  time  of  exposure,  the  amount  of  surface  exposed,  the 
quantity  of  water  acting  upon  the  copper,  &c.  It  would  appear 
that,  \inder  favourable  oircumstances,  100  cc  of  distilled  water 
may  dissolve  '3  mgrm.  of  copper  (-2  grain  per  gallon). 

With  regard  to  salts,  those  of  ammonium  exert  a  solvent  action 
on  copjKsr,  more  decided  than  that  of  sny  others  known.  With 
the  others,  however,  the  natuj-e  of  the  base  exerts  little  inflaence, 
the  action  of  the  salt  depending  chiefly  on  the  nature  of  ita  acid 
radical.  Thus,  beginning  with  the  least  affected,  the  following  is 
the  order  of  dissolving  strength  : — Nitrates,  sulphates,  carbonates, 
and  chlorides.  It  will  then  at  once  be  evident,  that  a  water  con- 
taminated by  sewage,  and  therefore  containing  plenty  of  ammonia 
and  chlorides,  might  exert  ii  very  considerable  solvent  action  on 
co]>per. 

Almost  alt  the  oils  and  fats,  as  welt  aa  syrups,  dissolve  small 
quantities  of  copper,  hence  its  frequent  presence  in  articles  of 
food  cooked  or  prepared  in  copper  vessels.  In  the  very  elaborate 
and  careful  experinients  of  Mr.  W.  Thompson,t  the  only  oils 
which  took  up  no  copper,  when  digested  in  copper  foil,  were 
English  neatafoot  oil,  tallow  oil,  one  sample  of  olive  oil,  paltn-nuC 
oil,  common  tallow  oil,  and  white  oil,  which  was  protected  from 
the  air  by  a  thick  coating  of  oxidised  oil  on  its  surface. 

§  168.  Copper  as  a  Normal  Constituent  of  Animal,  Vegetable, 
and  other  Matters. — Copper  is  very  widely  distributed  throiigh- 
out  the  mineral,  animal,  and  vegetable  kingdoms.  Besides  being 
present  in  numerous  minerals  and  earths,  it  is  often  found  in 
spring  and  river  water,  either  from  the  solvent  action  of  the 
water  itself,  or  from  pollution  from  copper  mines  or  manufac- 
tories in  which  the  metal  is  used. 

In  the  animal  kingdom  it  is  nearly  always  present  in  the  liver 
and  kidneys  of  domestic  animals,  as  well  as  in  men.  Dr.  Duprel 
found  '035  to  '029  grain  (I'S  to  2  mgrms.)  in  human  livers,  or 
about  one  part  in  500,000.  Bergeron  and  L.  L.  Hote's  researchi's 
on  fourteen  bodies,  specially  examined   for  copper,  fully  sub 

*  Joum.  Chem.  Sm.,  187C,  IL  4. 

t  Action  of  Fatty  Oils  on  Uetoiti;  Covper,  Chem.  New»,  ixxiv.  176,  300. 
213. 
tAnaiifit,  No.  13,  ISl". 
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e  Dr.  Dupr^;  in  twelve,  the  copper  was  found  in  quan- 
om  '7  to  1*5  mgrm.;  in  the  remaining  two  the  amount  of 
was  very  minute,  and  was  not  estimated.*  Copper  is 
ind  normally  in  the  kidneys,  and  Dnpr^t  detected  in 
kidneys  about  one  in  100,000  parts ;  it  is  also  found  in 
y  and  in  minute  traces  in  the  blood.^ 
e  kidneys  and  livers  of  the  ruminants  copper  may  always 
d,  a  sheep's  liver  containing  about  one  part  in  20,000.  § 
found  copper  in  the  feathers  of  the  wings  of  the  turaco  ; 
Ltt  in  the  feathers  of  a  paraquet  {MdopsiUneua  undulaMia).  \\ 
dd  for,  it  is  readily  discovered  in  snails,  in  the  Crustacea 
ly,  and  in  the  blood  of  the  cephalapoda  it  is  abundant.^ 
heat  (and  therefore  in  bread),  in  barley,  mangel-wurzel, 
(and  in  both  the  root  and  leaf  of  turnip),  as  well  as  in 
ther  vegetables,  copper  in  very  minute  traces  may  be 
1.  Of  the  different  vegetables  specified,  Dr.  Dupr6  found  as 
num  one  part  of  oxide  of  copper  in  240,000  parts  of  wheat, 
a  minimum  one  part  of  oxide  of  copper  in  4,375,000  of 
root** 

L  Copper  in  Articles  of  Food  and  Drink, — Copper  as  an 
y,  or  an  adulterant,  is  found  in  a  great  variety  of 
of  food  and  drink.  It  has  been  discovered  in  aerated 
its  presence  being  due  to  the  use  of  copper  cylinders,  the 
in  of  which  had  been  rendered  defective  by  corrosion. ft 
lents  may  also  occur  from  the  use  of  copper  boilers.  Mr. 
»mpson  found  in  one  case^^  no  less  than  3*575  grains  in  a 
51  mgrms.  per  litre)  in  water  drawn  from  a  kitchen  boiler, 
loubaix,  in  France,  sulphide  of  copper  had  been  deposited 
roof^  as  a  consequence  of  the  use  of  copper  flues ;  the 
e  was  changed  into  sulphate  by  the  action  of  the  air,  and 
by  the  rain  into  the  water-tanks.§§ 
preserved  vegetables  are  made  of  a  bright  and  attractive 
colour,  by  impregnation  with  copper,  from  the  deliberate 
copper  vessels  for  this  purpose,  is  a  feet  long  known, 
pease  especially  have  been  coloured  in  this  way,  and  a 
umber  of  convictions  for  this  offence  have  lately  taken 


ptes  Bendus,  Ixxx.  268.  +  Op,  cU. 

pe  Seyler:  "Handbuch  der  PhydologiBch.  Analjrse,"  p.  415. 

r6,  op,  cU,  II  CJiem,  New8,  xxviij.  212. 

tpe  Seyler,  op,  dt, 

}r§,  op,  dL    Sarzeau  has  found  copper  in  about  200  vegetables. 
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At  the  liverpool  Police  Ck)nrt  a  firm  was  prosecuted  for  selling  pease 
containing  copper  equal  to  24  grains  of  sulphate  to  the  pound  tin.  A 
warranty  proauced.* 

A  liverpool  grocer  was  fined  20s.  and  costs,  for  selling  pease  containing 
copper  equal  to  2*6  grains  of  the  sulphate  to  the  pound,  t 

At  Bradford  venc&rs  have  been  fined  for  selling  coppered  pease,  the  metal 
equalling  1^  to  2  grains  to  the  pound.^ 

It  will  be  noticed  from  the  foregoing  that — 

(1.)  The  whole  question  of  the  injurious  action  of  coppered 
pease  rests  entirely  upon  theory. 

(2.)  The  theory  of  the  poisonous  action  is  based  in  no  single 
case  upon  any  observed  instance  of  chronic  or  acute  poisoning. 

(3.)  In  no  case  has  the  analyst  been  able  to  state  the  form  in 
which  the  copper  exists.  Now,  Messrs.  Paul  and  Kingzett  have 
shown  that  when  such  a  soluble  compound  of  sulphate  of 
copper  is  ingested  most  of  it  is  excreted  by  the  fseces ;  §  and 
L^rif  has  found  in  the  intestines  of  a  healthy  man  from  '036 
to  0*40  grm.  of  copper. ||  Hence,  since  it  is  not  known  in  what 
form  the  copper  in  the  pease  exists,  whether  as  soluble  or 
insoluble,  but  merely  that  copper  has  been  added  to  improve 
the  colour,  it  is,  perhaps,  the  safest  and  most  just  way  for  the 
analyst  to  state  simply  that  so  much  metallic  copper  has  been 
separated,  and  that  the  substances  are,  therefore,  adulterated ; 
but  with  regard  to  injury  to  health,  to  offer  no  opinion.  After 
all,  the  question  of  the  injury  to  health  produced  by  copper  in 
pease,  is  at  present  by  no  means  settled  one  way  or  the  other ; 
facts  drawn  from  the  known  poisonous  effects  of  various  salts 
of  copper  have  but  an  indirect  bearing  on  the  point  at  issue ; 
and  it  can  only  be  finally  determined  by  proving  in  what  state 
of  combination  the  copper  exists,  and  the  action  of  the  pease 
themselves. 

Copper  may  be  found  in  spirits,  owing  to  the  use  of  copper 
condensers,  a  remark  which  applies  also  to  the  essential  oils, 
such  as  cleum  cajuputi  menthae,  <&c.ir  In  France,  it  has  been 
added  fraudulently  to  absinthe,  to  improve  its  colour.**  Green 
sweetmeats,  green  toys,  green  papers,  have  all  been  found  to 
contain  definite  compounds  of  copper  to  a  dangerous  extent. 

§  170.  Prepa/ratiana  of  Copper  used  in  Medicine  and  the  Arts, 

(1.)  Medicinal  Prepcvrationa : — 

Stdphate  of  Coppery  Cupri  stUphae^  CuSO^^HjO.     This  well- 

•  Sanitary  Record,  vj.  335.  t  Ibid,,  vj.  351.  J  Ibid.,  vij.  63. 

§  Analyst  1877,  p.  98.  II  Sonnenschein  op,  cU. 

^According  to  Eulenberg  (*•€^ewerbe  Hygifene,"  p.  716),  oleum  cajeptUiy 
Menik,  pip,  Mdissce  Tanaceti,  &c.,  are  almost  alwa^%  ooxxXAXccma^j^  H^^(^ 
copper. 

**Tardiea:  ''Etadem^d.  legale  but  Vem^iaoimfiaiQxi^.^^ 
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known  salt  ia  very  soluble  in  water,  reddens  litmus,  and  is 
xliglitly  effloreacent ;  its  aolution  resiionda  to  all  the  usual  teats 
for  copper  and  sulpfautic  acid.  A  watery  solution  of  the  salt  to 
wliich  twice  its  volume  of  a  solution  of  chlorine  has  been  added, 
gives,  when  treated  with  ammonia  in  excess,  a  clear  sapjihire-blue 
solution,  leaving  nothing  undissolved,  and  thus  showing  the 
ftbaence  of  iron.  Besides  iron,  sulpbate  of  copper  has  been 
found  to  contaiit  zincic  sulphate. 

Vuprum  Aluminatuia. — A  prepai^tiou  called  cupnim  alnmina- 
tum  {Pierre  divine)  ia  in  use  in  France  and  Germany  as  a 
luedioino.  It  is  composed  of  16  parts  cupric  sulphate,  16  potaaaic 
nitrate.  16  alum,  and  5  camphor.  Regular  and  irregular  medical 
practitioners,  veterinary  surgeons,  farriers,  and  grooms,  all  use 
Hulphftte  of  copper  (blucstone)  as  an  application  to  wounds. 
Copper  as  an  inlernal  remedy,  ia  not  in  favour  either  with  quacks 
or  vendors  of  patent  medicines.  The  writer  has  not  yet  found 
any  patent  pill  or  liqtiid  containing  it. 

In  veterinary  medicine,  the  sulphate  of  copper  is  administered 
to  horses  and  cattle,  and  tlie  diuiodiilo  ia  usud  to  somo  incon- 
siderable extent. 

(2.)  Copper  in  tlte  AtIb. — Copper  is  used  very  extensively  in  the 
arts ;  it  enters  into  the  composition  of  a  number  of  alloys,  ia 
one  of  the  chief  constituents  of  the  common  bronzing  powders, 
is  contained  in  many  of  the  lilac  and  puq>le  fires  of  the  pyro- 
technist, and  in  a  great  variety  of  pigments.  The  last- mentioned, 
being  of  special  importance,  will  be  briefly  described  : — 

I'iipnents : — 

Schweinfiirt  and  Sdieele's  Green,*  are  respectively  the  aceto- 
arseniteand  thearsenite  of  copper.     (See  article  Araenic.) 

Brighton  Green  is  a  mixture  of  impure  acetate  of  copper  anil 

Brunsunck  Green,  originally  a  crude  chloride  of  copper,  is  now 
ijenei'ally  a  mixture  of  carbonate  of  copper  and  chalk  or  alumina. 

Mountain  Green,  or  Mineral  Green,  is  the  native  green  carbonate 
of  copper,  either  with  or  without  a  little  orpimcnt. 

Nevwieder  Green  is  eitlier  the  same  as  mountain  green,  or 
Schweinfurt  green  mixed  with  gypsum  or  sulphate  of  barj'ta. 

Green  Verdites  is  a  mixture  of  oxide  and  carbonate  of  copper 
with  chalk. 

Verdigris  is  an  acetate  of  copper,  or  a  mixture  of  acetates. 
Its  formula  is  usually  represented  as  (CjHgOjj.CuO.  It  is  much 
used  in  the  arts,  and  to  some  extent  as  an  external  application 
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n  medicine.  Its  moet  frequent  imparities  or  adulterations  are 
slialk  and  sulphate  of  copper. 

§  171.  Doae. — Medicinal  Doae  of  Copper — Since  sulphate  of 
x>pper  is  practically  the  only  salt  administered  internally,  the 
lose  is  generally  expressed  as  so  many  grains  of  sulphate.  This 
salt  is  given  in  quantities  of  from  *25  to  2  grains  ('167  to  *130 
^rain)  as  an  astringent  or  tonic;  as  an  emetic,  from  5  to  10 
grains  (-324  to  '5184  grm.) 

The  sulphate  of  copper  is  given  to  horses  and  cattle  in  such 
large  doses  as  from  30  up  to  120  grains  (1*9  to  7*7  grms.);  to 
sheep,  from  20  to  40  grains  (1*3  to  3*6  grms.);  rabbits,  1  to  2 
grains  (-0648  to  '1296  grm.) 

Foiaonoua  Dose. — A  dose  of  120  grains  of  sulphate  of  copper 
[7*7  grms.)  has  caused  very  serious  symptoms.*  A  woman  died 
in  seventy-two  hours  after  taking  7  drachms  (27  grms.)  of  sulphate 
of  copper  mixed  with  3  drachms  (11*6  grms.)  of  sulphide  of  iron. 
2  ounces  (62*2  grms.)  of  the  acetate  of  copper  have  caused  death 
in  three  days ;  half  an  ounce  (15*5  grms.)  in  sixty  hours.t 

§  172.  Detection  and  Estimation  of  Copper, — Copper  may  occur 
either  in  the  routine  process  of  precipitating  by  SHo,  or  it  may, 
u  is  generally  the  case,  be  searched  for  specially.  If  copper  is 
looked  for  in  a  precipitate  produced  by  SH^,  it  is  taken  for 
granted  that  the  precipitate  has  first  been  treated  successively 
by  carbonate  of  ammonia,  sulphide  of  sodium,  and  hydrochloric 
acid;  in  other  words,  arsenic,  antimony,  and  lead  have  been 
removed.  The  moist  precipitate  \a  now  treated  with  warm 
nitric  acid,  which  dissolves  out  copper  sulphide  with  separation 
of  sulphur ;  if  there  is  sufBcient  copper,  the  fluid  shows  a  blue 
colour,  which  of  itself  is  an  indication  of  copper  being  present. 
The  further  tests  are — (1.)  Ammonia  gives  a  deeper  blue;  (2.) 
ferrocyanide  of  potash  a  brown-red  colour  or  precipitate ;  (3.)  a 
few  drops  mixed  with  a  solution  of  tartrate  of  soda,  alkalised 
with  sodic  hydrate,  and  boiled  with  a  crystal  or  two  of  grape- 
sugar,  gives  quickly  a  red  precipitate  of  oxide  of  copper ;  (4.)  a 
needle  or  a  clean  iron  wire,  or  any  simple  galvanic  combination 
immersed  in,  or  acting  on,  the  liquid,  soon  becomes  coated  with 
the  very  characteristic  reddish  metallic  film.  Various  other 
tests  might  be  mentioned,  but  the  above  are  ample. 


Special  Examinations  for  Copper. 

(1.)  In  Water  and  Liquids  generally, — The  liquid  may  be  con- 
centrated, and  the  copper  separated  by  electrolysis.     A  simple 

*  Taylor,  op.  ciL  t  Somienachein,  op.  cU. 
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with  a  battery ;  at  tlie  end  o 
all  the  copper  is  deposited,  a 
weighed.     The  weight  of  tli 
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A  test  has  been  recently  pr 
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fiiciliiy.     A  zinc  platinum  cc 
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(2.)  Anifnal  Matlera,  such  a 
bo^t  entirely  burnt  to  an  ash 
latter.t  The  same  remark  j 
consisting  almost  entirely  of 
quantity  of  copper  can,  ho^ 
acid  and  water ;  and  althougl 
(|uite  so  amiimf^  **  '«  ^--'i 
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mation  of  copper,  but  for  the  purposes  of  this  work  it  is 
unnecessary  to  detail  them.  When  copper  is  in  too  .small  a 
quantity  to  be  weighed,  it  may  then  be  estimated  by  a  colon- 
metric  process. 

One  of  the  best  of  these  is  based  upon  the  brown  colour  which 
ferrocyanide  of  potash  produces  in  very  dilute  solutions  of  copper. 
A  standard  copper  solution  is  obtained  by  dissolving  '393  grm. 
in  a  litre  of  water,  each  cc.  then  contains  O'l  mgrm.  Cu ;  a 
solution  of  ferrocyanide  of  potash  in  water,  strength  4  per  cent. 
It  is  also  convenient  to  have  a  solution  of  nitrate  of  ammonia, 
which  is  found  to  render  the  reaction  m\ich  more  delicate. 

The  furtlier  details  of  the  process  are  conducted  precisely  on 
the  same  principles  as  the  well-known  colorimetrio  method  of 
estimating  ammonia  by  Nessler*s  solution. 


in.— BISMUTH. 

§  174.  Bismuthf  Bi=  210 ;  specific  gravity,  9*799  ;  fusing  point, 
264*'C.  (507'2*'F.)  Bismuth,  as  obtained  in  the  course  of  analysis, 
is  either  a  black  metallic  powder,  or  a  bead  extremely  brittle,  and 
of  a  reddish-white  colour.  The  compounds  which  it  will  be 
necessary  to  notice  briefly  will  be  the  teroxide  and  the  tersul- 
phide. 

§  175.  The  Teroxide  of  Bismuth  (Bi^Oj  =  468 ;  specific  gravity, 
8-211 ;  Bi  89-665  per  cent.,  0  10*345  per  cent.),  as  prepared  by 
ignitiug  the  carbonate  or  nitrate,  is  a  pale  lemon-coloured  powder, 
which  can  be  fused  without  loss  of  weight,  but  is  reduced  in  char- 
coal, or  in  a  stream  of  carbon  dioxide,  to  the  metallic  state.  It  is 
also  reduced  by  fusion  with  cyanide  of  potassium,  or  by  ignition 
with  chloride  of  ammonium. 

§  176.  The  StUphide  of  Bi8miUh{Bi^S^  =  5-16 ;  Bi  81-25  per  cent., 
S  18-76  per  cent.),  occurs  in  the  course  of  analysis  as  a  brown- 
ish-black or  qiiite  black  precipitate,  insoluble  in  water,  dilute 
acids,  alkalies,  alkaline  sulphides,  sulphate  of  soda,  and  cyanide 
of  potassium,  but  dissolving  in  moderately  concentrated  nitric 
acid;  with  separation  of  sulphur.  It  continually  increases  in 
weight  when  dried  in  the  ordinary  way,  and  is  completely 
reduced  when  fused  with  cyanide  of  potash. 

§  177.  Preparations  of  Bismuth  used  in  Medicine  and  the  Arts. 

(1.)  Pharmaceutical  Preparatuyiis : — 

Bismu4hi  Suhnitras  (Subnitrate  of  Biam\itVi>  "By^O  ^^.     ^ 
heavj  white  powder  insoluble  in  water,  and  t^"^oxA\xv%  \ft  *^^ 
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lu)uato  of  lead,  bv  t^tlorvesct 
siil|»liiiric  aci«l.s  ;  arMMiic,  by  . 
nilraio  of  silvi-r  ;  and  sodim 
wator,  tiltoring,  ovai)oi*ating  • 
residue. 

Tellurium  lias  recently  bee 
iiiuth ;  the  evidence  on  the  i>o 
character,  but  is  based  upon 
after  taking  certain  bismuth 
fuctid  breath. t     Sir  J.  Simpso 
student  inadvertently  swallov 
followed  by  the  evolution  of  s 
remainder  of  the  session  the 
fellow-students. 

BisimUJh  Lozenges,  Trachisci  j 
of  bismuth,  carbonate  of  magn* 
sugar,  and  gum,  mixed  with 
contain  2  grains  (*13  grm.)  of  i 

Solution  of  Citrate  of  Biami 
Hi  Ammonias  citratis,  a  colour 
lluid  ;  specific  gravity,  1*122 ;  i 
and  ammonia. 

The  probable  impurities  ar 
nitrate,  and  lead  should  spec 
frequently  contained  in  citric  j 

Carbonate  of  Blsmut/i,  Bisn 
fine  white  powder,  answering 
bonic  anhydride,  and  likely  to  • 
subnitrate.     Tf.  r»«/»u*  *- 
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parts  most  contain  79  of  oxide  of  bismuth.  The  valerianate  of 
bismuth  is  in  the  German,  but  not  in  the  British  pharmacopeia. 

(2.)  Biamuth  in  the  Arts*. — The  principal  use  of  bismuth  is  in 
alloys  and  solders.  The  chromate  is  employed  in  calico-printing, 
and  the  subnitrate  as  a  paint,  under  the  name  of  pearl-white. 

The  salts  of  bismuth  also  occur  in  washes  for  the  hair,  and 
pearl-white  is  used  as  a  cosmetic,  but  only  to  a  small  extent. 

§  178.  Medicinal  Daees  of  Bismuth, — The  subnitrate  and  car- 
bonate are  prescribed  in  doses  from  1  to^20  grains  ('0648  to  1*286 
grm.);  the  valerianate,  from  2  to  10  grains  ('1280  to  *640  grm.); 
and  the  solution,  from  i  drachm  to  1^  drachm  (1*7  cc.  to  5*2  cc.) 

FoisoTums  Doses  of  nismtUh. — Pure  metallic  bismiith  is  not 
known  to  possess  any  poisonous  action.t  Two  drachms  of  the 
subnitrate  have  caused  the  death  of  a  man  in  nine  days,|  and 
other  cases  of  poisoning  by  larger  doses  are  on  record.  The 
evidence,  however,  as  to  the  smallest  dose  of  bismuth  required 
to  produce  symptoms  of  poisoning  is  not  very  satisfactoi*y,  for 
in  ihe  cases  recorded  the  salt  may  have  been  contaminated  witli 
arsenic. 

§  1 79.  Extraction  a/nd  Detection  of  Bismuth  in  Animal  Matters. — 
Bismuth  appears  to  be  excreted  principally  by  the  bowels  as 
sulphide  of  bismuth ;  but  it  has  also  been  detected  in  the  urine, 
spleen,  and  liver ;  and  Lubinsky  has  found  it  in  the  saliva  and 
in  the  epithelium  of  the  mouth  of  persons  taking  one  of  its  pre- 
parations. Without  denying  the  possibility  of  its  existing  in  a 
soluble  state  in  the  saliva,  its  presence  in  the  mouth  may,  under 
such  circumstances,  be  ascribed  to  the  lodgment  of  particles  of 
subnitrate  or  subcarbonate  of  bismuth  in  the  interstices  of  the 
teeth,  &C.  It  will  then  be  evident,  that  if  a  person  is  supposed 
to  have  been  poisoned  by  a  large  dose  of  bismuth,  and  the 
analyst  fails  to  find  it  in  the  stomach,  the  contents  of  the 
bowels  should  be  next  examined. 

The  extraction  of  bismuth  must  be  undertaken  by  nitric  acid, 
and  boiling  for  at  least  two  hours  may  be  necessary  to  dissolve 
it  out  from  the  tissues.  Such  organs  as  liver  and  spleen  are 
boUed  in  a  finely  divided  state  with  a  Utre  of  dilute  nitric  acid 
(strength,  5  per  cent.),  for  the  time  mentioned,  filtered,  and  the 
filtrate  evaporated  to  dryness;  the  remainder  is  then  carbonised 

*  According  to  Mr.  Field  (Chem.  News,  voL  36, 261),  bismuth  is  contained 
in  all  copiwr  coinage— from  the  Bactrian  coins  (161  B.O.)  to  onr  own ; 
generally,  in  idl  cupreous  ores  except  the  carbonates;  and  in  nearly  all 
specimens  of  commercial  copper. 

t  Valenciennes,  A.,  Beitrdgezur  MetaUurgie  des  Bismuths;  Aim,  de  Chim, 
Phys.,  1874,  I.,  p.  397;  Wagaer^B  Jahretberichl^  VSl^^^^SSL 

X  Taylor,  "Prin.  Med.  Jorifl.,"  L  321. 
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by  Strong  nitric  acid;  and,  finally,  tbe  charcoal  is  boiled  with 
equal  iiarte  of  nitric  acid  and  water,  and  tbe  whole  evaporated 
to  dryness.  By  this  method  every  trace  of  bistnutli  is  extracted. 
Tilt!  dry  residue  mtiy  now  be  brought  into  iiolution,  and  teat«d 
for  bismuth.  The  best  solvent  for  tbe  niti'ute  of  bismath  ii 
dilute  nitric  acid  50  per  cent. ;  the  dry  residvie  is  therefore  dis- 
solved in  100  or  200  cc.  of  tbe  acid,  aud  fi'actioniil  parta  taken 
for  examiuatioa ; — 

( 1. )  The  solution,  poured  into  a  large  volume  of  warm  distilled 
water,  gives  a  crystalline  precipitate  of  subnitrate  of  biamuth. 
Tlie  only  metal  giving  a  similar  reaction  is  antimony,  and  this 
ia  excluded  by  the  method  employed. 

(2.)  The  filtered  fluid  gives  on  addition  of  aodic  chloride  % 
precipitate  of  oxychloride.  This,  again,  is  diBlinguished  from 
oxychloride  of  antimony  by  its  insolubility  in  tartaric  acid. 

(3.)  Any  bismuth  precipitate,  mixed  with  soda  or  charcoat 
jjives  a  brittle  bead  of  bismuth ;  the  coal  is  coated  whilst  warm 
a  dark  orange-yellow,  on  cooling  citron-yellow. 

(4).  The  bead  may  be  identified  by  powdering  it,  placing  it 
iu  a  short  subliming  tube,  and  passing  over  it  dry  chlorine.  The 
powder  first  turns  black,  then  melts  to  an  amber-yellow  fluid, 
and  finally,  in  prolonged  heating,  sublimes  as  terchloride  of 
bismuth. 

(5.)  Avery  delicate  test  proposed  by  Abel  and  Field,  in  18C2.* 
specially  for  the  detection  of  bismuth  in  copper  (but  by  no 
means  confined  to  mineral  analysis),  utilises  the  fact,  that  if 
iodide  uf  lead  be  precipitated  from  a  fluid  containing  the  least 
trace  of  bismuth,  instead  of  the  yellow  iodide  the  scales  assume  a 
dark  orange  to  a  crimson  tint.  A  solution  of  nitrate  of  lead  is  used 
to  the  nitric  acid  solution;  ammonia  and  carbonate  of  ammonia 
added;  the  precipitate  washed,  and  dissolved  in  acetic  acid;  and, 
finally,  excess  of  iodide  of  potassium  added.  It  is  said  that  thus 
so  small  a  quantity  as  -00025  grm.  may  be  detected  in  copper 
with  the  greatest  ease,  the  iodide  of  lead  becoming  dark  orange; 
-001  grain  imparts  a  reddish-brown  tinge,  and  -01  grain  a  crimson. 

(C.)  Van  Kobell's  test,  as  modified  by  Hutehings,  f  and  pro- 
[MSed  more  especially  fur  the  detection  of  bismuth  in  minerals, 
is  capable  of  being  applied  to  any  solid  compound  suspected  of 
containing  the  metal ; — A  mixture  of  precipitated  and  purified 
cupi-ons  iodide,  with  an  equal  volume  of  flowers  of  sulphur,  is 
]irepared,  and  2  parts  of  this  mixture  are  made  into  a  paste  witli 
1  part  of  the  substance,  and  heated  on  a  slip  of  charcoal  on  an 
iupport  by  the  blowpipe  flame.  If  bismuth  be 
5,^Sft-.  Ctveni.Nt,w,Kiiyi.  261. 
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])re8ent,  the  red   bismuth  iodide  will  sablime,  and  on  clean 
aluminium  is  easily  distinguishable. 

There  are  many  other  tests,  but  the  above  are  more  than 
sufficient. 

§  180.  Eatimatum  of  BUmuA, — The  estimation  of  bismuth, 
when  in  any  quantity  easily  weighed,  is,  perhaps,  best  accom- 
plished by  fusing  the  sulphide,  oxide,  or  other  compound  of 
bismuth,  in  a  porcelain  crucible  with  cyanide  of  potash ;  the 
biaarath  is  reduced  to  the  metallic  state,  the  cyanide  can  be 
dissolTed  out,  and  the  metallic  powder  washed  (first  with  water, 
lastly  with  spirit),  dried,  and  weighed. 

Mr.  Pattison  Muir  has  shown*  that  bismuth  may  be  separated 
from  iron,  aluminium,  chromium,  and  manganese,  by  adding  am- 
monia to  the  acid  solutions  of  these  metals. 

This  observation  admits  of  many  applications,  and  may  be 
usefully  taken  advantage  of  in  the  separation  of  bismuth  from 
the  nitric  acid  solution  of  such  animal  matters  as  liver,  <&c.  The 
add  liquid  is  partially  neutralised  by  ammonia,  and  on  diluting 
with  warm  water  containing  a  little  sodium  or  ammonium 
chloride,  the  whole  of  the  bismuth  is  precipitated  as  oxychloride, 
which  may  be  collected,  and  fused  with  cyanide  of  potash,  as 
above. 

If  the  bismuth  precipitate  is  in  small  quantity,  or  if  a  num- 
ber of  estimations  of  bismuth  are  to  be  made,  it  is  most  convenient 
to  use  a  volumetric  process.  In  the  case  first  mentioned,  the 
oxychloride  could  be  dissolved  in  nitric  acid,  sodium  acetate 
added  in  excess,  and  sufficient  acetic  acid  to  dissolve  any  pre- 
cipitate which  has  been  produced,  and  then  titrated  by  the 
following  method,  which  we  also  owe  to  Mr.  Pattison  Muir  : — 

Eatimalion  of  Bismuth  by  Potassium  DichromcUe,'^ — A  solution 
of  recrystallised  potassium  dichromate  (strength,  1  per  cent.)  is 
prepared.  A  known  weight  of  pure  bismuthous  oxide,  Bi203,  is  dis- 
solved in  excess  of  nitric  acid,  and  a  solution  of  sodium  acetate 
added  to  this  liquid  until  a  copious  white  precipitate  is  thrown 
down;  acetic  acid  is  then  added  in  quantity  sufficient  to  dissolve 
the  precipitate  completely,  and  to  insure  that  when  the  liquid  is 
made  up  with  water  to  a  fixed  volume  no  precipitate  shall  be 
formed.  A  certain  volume  of  this  liquid  is  withdrawn  by  means 
of  a  pipette,  placed  in  a  beaker,  and  heated  to  boiling  ;  the  potas- 
sium dichromate  is  then  gradually  run  in  from  a  burette,  the 
liquid  being  boiled  between  each  addition  of  the  solution,  until 
a  drop  of  the  supernatant  liquid  gives  a  faint  reddish-brown 
coloration  when  spotted  with  silver  nitrate  on  a  white  slab. 

*  Pattison  Muir  on  Certain  Bismuth  Componxida.    Jouttu  CVv«iiw.  ^^)(^«> 
7,1876.  tlbid.,!.^^. 
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Atiotiier  very  generally  applic&Me  volumetric  metbod  for  j 
biamutli  lias  been  proposed  by  Mr.  Muir.*  This  depends  on  th« 
fact  (observed  by  Sonchay  and  Leoasent),  that  normal  biaaiuth 
oxalate  splits  up  on  boiling  into  a  basic  oxalate  of  the  cam[x«i- 
tion  Bi„032Cj03  +  OHj,  but  slightly  soluble  in  nitric  acid.  The 
process  is  performed  by  precipititting  tho  bismuth  by  exaee»  of 
□sulic  acid,  dissolving  the  precipitate  (first  purified  from  free 
oxalic  acid)  in  dilute  hydrochloric  acid,  and  lastly,  titrating 
by  permanganate.  The  absence  of  free  hydrochloric  acid  before 
precipitating  must  be  insured. 


IV.— 8ILVEB. 

5  181.  Silver    =  108;    specific    gravity,    10-B ;    fusing  point, 

I023'C'.  (l!*7:i°F.)  Rilvi-r,  as  separat^cl  in  analysis,  ia  eilhiT  ii 
very  white,  glittering,  metallic  bead,  or  a  dull  grey  powder.  It 
does  not  lose  weight  on  ignition,  and  is  soluble  in  dilute  nitric 

§  182.  Chhride  of  Silver,  AgCl  =  H3-5  ;  specific  gravity,  5-552; 
Ag  75'27  per  cent.,  CI  24-73  per  cent.,  is  a  dense,  white,  curdy 
precipitate,  when  produced  in  the  wet  way.  It  is  very  insoluble 
in  water,  dilute  nitiic  acid,  and  dilute  sulphuric  acid;  in  many 
warm  solutions  {especially  aqueous  solutions  of  the  chlorides 
gcneritUy),  the  alkaline  and  alkaline-earthy  nitrates,  and  tartaric 
acid  solutions,  the  silver  is  dissolved  to  an  appreciable  extent, 
but  deposited  again  on  diluting  and  cooling.  The  complete 
solvent^  of  chloride  of  silver  are — ammonia,  cyanide  of  potassium, 
and  hyposulphite  of  soda.  Chloride  of  silver  cannot  be  fused  st 
a  high  heat  without  some  slight  loss  by  volatilisation;  on  coal  ia 
the  O.F.,  it  fuses  very  eaJ^ily  to  a  globule.  It  can  with  soda  be 
reduced  to  metal,  and  can  also  readily  be  reduced  by  ignition  in 
a  current  of  hydrogen,  oatbonio  oxide,  or  carburetted  hydrogen 
gas. 

§  183.  Sulp/iide  of  Silver,  AgjS  =  248;  specigc  gravity,  TS; 
Ag  87"1  per  cent.,  S  12'9  per  cent.,  when  prepared  in  the  wet 
way,  is  a  black  precipitate,  insoluble  in  water,  dilute  acids,  and 
alkaline  sulphides.  If  ignited  in  hydrogen  it  may  be  reduced 
to  the  metallic  state;  it  is  soluble  in  nitric  acid,  with  separa- 
tion of  sulphur. 

*  Jou-nv.  Cltem.  SocA^l. 
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§  184.  Preparatiana  of  Silver  used  in  Medicine  cmd  the  Arts. 

(1.)  Medicinal  Preparations : — 

NUrate  of  Silver,  AgNOg ;  Ag  63-51  per  cent.,  N^O^  36-49  per 
cent.  This  salt  is  either  sold  crystallised  in  colonrlesa  rhombic 
prisms,  or  in  the  form  of  small  -white  pencils  or  sticks.  It  gives 
the  reaction  for  silver  and  nitric  acid,  and  stains  the  skin  black. 
100  parts  dissolved  in  distilled  water  should  give,  with  hydro- 
chloric acid,  a  precipitate  which,  when  washed  and  dried,  weighs 
83-4  parts.  The  silver  is,  however,  far  more  quickly  estimated 
by  the  blowpipe,  than  in  the  wet  way.  1  grm.  fused  in  a  cavity 
on  charcoal  should  give  a  little  globule  of  metallic  silver,  weigh- 
ing about  -6351  grm.  The  chief  adulterations  of  this  substance  are 
copper,  lead,  and  nitrate  of  potash.  If  all  the  silver  is  precipi- 
tated by  hydrochloric  acid,  carefully  filtered  off,  and  the  filtrate 
evaporated  to  dryness,  any  residue  will  denote  adulteration  or 
impurity. 

Argenti  Oxidum,  Oxide  of  Silver,  Ag20  =  116;  Ag  9319  per 
cent.  A  dark  olive-brown  powder,  soluble  in  ammonia  and 
nitric  acid.  By  ignition  it  readily  yields  metallic  silver.  The 
P.B.  directs  that  29  grains  of  the  oxide  should  yield  27  of 
metallic  silver. 

Nitrate  of  Silver  and  Potash,  Argentum  nitricmn  cum  kali 
nitrico  (AgNOj  +  KNOo).  This  preparation  is  contained  in  the 
(German,  Austrian,  and  Norwegian  pharmacopeias.  It  is  directed 
that  100  parts  of  the  Carman  and  Austrian  preparation  should, 
on  analysis,  yield  not  less  than  27  parts  of  chloride  of  silver 
(20*3  Ag),  and  the  Norwegian  less  than  42*058  parts  of  chloride 
of  silver  (31-64  Ag) ;  the  first  being  prepared  in  the  proportion 
of  1  of  silver  nitrate  to  2  of  potassic  nitrate,  whilst  in  the  Nor- 
wegian equal  parts  are  used. 

(2.)  Silver  in  the  Arts, — The  uses  of  the  metal  in  coinage, 
articles  for  domestic  purposes,  for  ornament,  &c,,  are  too  well 
known  to  require  enumeration.  The  only  forms  in  which  silver 
is  likely  to  give  rise  to  accident  are  the  salts  used  in  medicine, 
photography,  in  the  dyeing  of  hair,  and  in  the  manufS&cture  of 
marking  inks. 

Hair-dyes. — About  one-half  of  the  hair-dyes  in  use  are  made 
with  nitrate  of  silver.  The  following  are  only  a  few  of  the 
recipes : — 

Aqua  Orientalis, — Grain  silver  2  drachms,  nitric  acid  1  oz.,  steel 
filings  4  drachms,  distilled  water  1^  oz. ;  the  whole  finally  made  up 
to  3^  fluid  oz.,  and  filtered. 

Argentan  Tincture, — Nitrate  of  Bilver  \  dt^ut^Tti)  TO'afe  ^«X«?t  X 
fluid  oz,,  su&dent  lutrate  of  copper  to  impoAt  Oii  ^gc^m^^^^* 
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Ea>'  rf'4/ri<pje.— Twosolutiona— ono  of  nitrate  of  silver,  tlie  other 
tif  ])otiiHh,  containing  ammonium  eulphide. 

Tlio  [iliotograplier  uses  various  salts  of  aiWer,  tLe  chief  of  wliicli 
ure — tlio  nitrate,  iodide,  bromide,  cyanide,  and  chloride  of  silver. 

Marking  Ivies. — Some  of  the  more  important  recipes  for  mark' 
ing  ink  are  as  follows  :— 

Nitrate  of  silver  Ifl  part,  hot  distilled  water  3'6  parts,  muci- 
lage, previously  rubbed  with  aap-groen,  I'O  part.  With  this  is 
sold  a  "  pounce,"  or  preparation  eonsisting  of  a  coloured  solution 
of  sodic  carbonate.  Another  preparation  is  rery  similar,  but 
with  the  addition  of  ammonia  and  some  colouring  matter,  such 
as  indigo,  symp  of  buckthorn,  or  sap-green.  A  thii-d  is  made 
with  tartano  acid  and  nitrate  of  silver,  dissolved  in  ammonia 
.solution  and  ooloured. 

H pdwooiT I  cooBiBta  of  cqunl  parts  of  nitrate  of  silver  and  potassic 
bitartrate,  dissolved  in  ammonia,  with  the  addition  of  archil  green 
and  sugar;  according  to  the  formula,  100  parts  should  equal  1GH5 
of  silver  niti'ate. 

.Soubeiran's  Ink  is  composed  of  cupric  nitrate  3,  argentic  nitrate 
S,  sodic  carbonate  4,  and  the  whole  made  up  to  100  parts,  iu  solu- 
tion of  ammonia.  In  one  of  Mr.  Reado's  inks,  besidea  silver,  an 
aminoniacal  solution  of  a  salt  of  gold  is  used. 

Medicinai  Dose  of  Silver  Compounds. — The  nitrate  and  the  oxide 
iif  silver  are  given  in  doses  from  J  grain  to  3  grains  [-0103  fo 
-1206  grm.]  Anything  like  3  or  4  grains  ['1044  to  -2592  grin.] 
would  be  considered  a  large,  if  not  a  dangerous  dose  ;  but  nothing 
definite  is  known  as  to  what  would  be  a  jwitonmw  dose. 

§  185.  DetecCitm  and  Eetimation  of  Silver. — The  examination  of 
the  solid  salts  of  silver  wsually  met  with  {viz.,  the  nitrate,  bromide, 
iodide,  cyanide,  and  chloride)  is  most  sjjeedy  by  the  dry  uietliod 
on  charcoal  ;  in  this  way  in  less  than  120  seconds  any  practical 
chemist  could  identify  each  compound.  The  nitrate,  bromide, 
iodide,  and  cyanide,  all,  if  ignited  on  charcoal,  yield  buttons  of 
metallic  silver — deflagration,  bromine  vapours,  iodine  vapours, 
and  cyanogen  vapours,  being  the  respective  phenomena  observed- 
Chloride  of  silver  fuses  to  a  pearl-grey,  brown,  or  black  globule 
on  charcoal,  according  to  its  purity ;  but  is  only  in  the  B.  F. 
gradually  reduced  to  metal  With  soda,  or  fused  in  hydrogen 
or  coal  gas,  the  reduction  is  rapid  enough. 

Nitrate  of  Silver  in  solution  might  be  identified  by  a  very  large 
number  of  tests,  since  it  forms  so  many  insoluble  Siilts.  in 
practice  one  is,  however,  satisfied  with  three  tests — viz.,  (1.)  A 
curdy  precipitate  of  chloride,  on  the  addition  of  hydrochlorii.- 
jtcid  or  alkaline  cUoriiea,  ro\i\V\«l  ci\iVj  in  ammonia,  cyanide  of 
potash,  or  hyposulpUvte  ot  %<i4». ,  t^^  » ■j'Sia-^  ipiij^jUate,  but 
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little  soluble  in  ammonia,  on  the  addition  of  iodide  of  potash  ; 
and,  (3.)  a  blood-red  precipitate  on  the  addition  of  ehromate  of 
potash. 

The  separation  of  silver  from  the  contents  of  the  stomach  is 
best  ensured  by  treating  it  with  cyanide  of  potash ;  for  unless  a 
very  large  quantity  of  silver  nitrate  has  been  taken,  it  is  toler- 
ably certain  that  the  whole  of  it  has  passed  into  chloride,  and  will, 
therefore,  not  be  attacked  easily  by  acids.  The  contents  of  the 
stomach,  then,  or  the  tissues  themselves,  are  placed  in  a  flask  and 
warmed  for  some  time  with  cyanide  of  potash,  flrst,  if  necessary, 
adding  ammonia.  The  fluid  is  separated  from  the  solid  matters 
by  subsidence  (for  an  alkaline  fluid  of  this  kind  will  scarcely 
filter),  and  then  decomposed  by  hydrochloric  acid  in  excess. 
The  flask  containing  this  fluid  is  put  on  on^  side  in  a  warm 
place,  and  the  clear  fluid  decanted  from  the  ihsoluble  chloride. 
The  latter  is  now  collected  on  a  filter,  well  washed  with  hot 
water,  and  then  dried  and  reduced  on  charcoal ;  or  it  may  be 
put  in  a  little  porcelain  crucible  with  a  rod  of  zinc  and  a  few 
drops  of  hydrochloric  acid.  The  silver  is  soon  deposited,  and 
must  be  washed  with  water,  then  with  sulphuric  acid.  By  the 
aid  of  a  wash -bottle  the  particles  of  silver  are  now  collected  on 
a  small  filter,  again  washed,  and  on  the  moist  mass  a  crystal  of 
nitrate  of  potash  and  a  little  carbonate  of  soda  laid.  The  whole 
is  then  dried,  and  all  the  filter  cut  away,  save  the  small  portion 
containing  the  silver.  This  small  portion  is  now  heated  on  char- 
coal until  a  little  button  of  pure  silver  is  obtained,  which  may 
first  be  weighed,  then  dissolved  in  nitric  acid,  and  tested  by  the 
methods  detailed. 

In  a  similar  way,  hair  suspected  of  being  dyed  with  silver 
can  be  treated  with  chlorine  gas,  and  the  chloride  dissolved  iu 
}x>tassic  cyanide. 

Spots  on  linen,  and,  generally,  very  small  quantities  of  silver 
may  be  detected  by  a  simple  galvanic  process : — ^the  substance  is 
treated  with  solution  of  cyanide  of  potash,  and  submitted  to  a 
weak  galvanic  current,  using  for  the  negative  plate  a  slip  of 
copper;  for  the  positive,  platinum;  the  silver  is  deposited  on  the 
former. 


v.— MERCURY. 


§  186.  Mercury^  Hg  =  200;  specific  gravity,  13-696;  boiling 
point,  350''C.  (662°F.)     This  well-known  and  familiar  fiuid  mataJ. 
evaporates  and  sublimes  to  a  minute  exteiiXi  »i\i  «5\  \«nij^«t^j««^^ 
vihove  5'C.     When,  precipitated  or  de]^\\.ed  Sn  «»  ftsk^-j-^K^^^s^ 
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state,  the  metnl  can  oaly  be  united  into  a  single  globule,  if  it  is 
fairly  pure;  very  slight  futty  impurities  especially  will  prevent 
the  union.  It  is  insoluble  in  hydrochloric  acid,  soluble  to  a 
slight  extent  in  dilute  cold  sulphuric  acid,  and  completely  soluble 
in  concentrated  sulphuric  and  in  nitric  acid.  It  combines  directly 
with  chlorine,  bromine,  and  iodine,  which  (in  presence  of  fr^ 
alkali)  readily  dissolve  it.  It  ia  unalterable  at  100°C.,  and  when 
exposed  to  a  high  temperature  sublimes  unchanged. 

MercuroM  CMorlde  {Caloinel,  HgCl  =  23-5;  specific  gravity. 
7-178;  subliming  temperature,  lir6°C.;  Hg  84-9i  per  cent.,  CI 
15-06  per  cent.),  when  prepared  in  the  wet  way  is  a  heavy  white 
powder,  absolutely  iuBolublo  in  cold,  but  decomposed  by  boiling 
water.  It  may  be  converted  into  the  mercuric  chloride  by 
chlorine  water  and  ai^ua  regia.  Chloride  of  ammonium,  potas- 
sium, and  sodium,  all  decompose  calomel  into  metallic  mercury 
and  mercuric  chloride.  It  is  easily  reduced  to  metal  in  a  tube 
with  Koda  potash,  or  burnt  magnesia. 

§  187.  Sulphide  of  Mfrcury  (Hg,,S  :  Hg  86-21  per  cent..  P 
13-79  per  cent.)  ia  a  black  powder,  ilis.qohiii^'  in  nitro-muri;itic 
acid,  but  very  insoluble  in  water  or  other  acids.  It  is  also  insoluble 
in  alkaline  sulphides,  with  the  exception  of  sulphide  of  potassium. 

5  188-  Medicinal  Preparations  of  Mercury. 

Mercury  in  the  liquid  state  has  been  occasionally  administered 
in  constipation;  its  internal  use  is  now  obsolete,  or  ought  to  be. 
Gmelin  has  found  samples  adulterated  with  metallic  bismuth, 
a  substance  which  only  slightly  diminishes  the  fluidity  of  mer- 
cury; this  adulteration  may  be  detected  by  shaking  the  mercury 
in  air,  and  thus  oxidising  the  bismuth.  Mercury  may  also 
contain  various  mechanical  impurities,  which  are  detected  bv 
squeezing  the  metal  through  chamois  leather.  Tin  and  zinc  mav 
be  dissolved  out  by  hydrochloric  acid,  and  all  fixed  impurities 
(such  as  lead  and  bismuth)  are  at  once  discovered  on  subliming 
the  meta). 

Mercury  and  Chalk,  UydraTgyrum  aim  creta. — Mercury,  33-33 
per  cent.;  chalk,  6G-67. 

Blue  Fill,  I'ilula  hydrargyri. — Mercury  in  a  finely  divided  statf, 
mixed  with  confection  of  roses  and  liquorice  root;  the  mercurv 
should  be  in  the  proportion  of  33'33  per  cent. 

Meratry  Plotter,  Jimplastrum  hydrargyri,  made  with  mercury, 
olive  oil,  sulphur,  and  lead  plaster;  it  should  contain  Hg  33  per 
cent.;  sulphur,  18  per  cent. 

Ammoniac  and  Mercury  Plaeter,  Emplastrum  ammoniaci  eiim 
hj/draryifro. — Gum,  ammonia,  mercury,  olive  oil,  and  sulphur. 
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it  should  contain   19*8  per  cent,  of  Hg,  and  *1  per   cent,  of 
sulphur. 

Mercu/nal  OirUment,  UnguerUum  hydrtvrgyri, — Mercury  mixed 
with  lead  and  suet,  all  three  in  equal  weights;  therefore  it 
should  contain  33*3  per  cent,  of  mercury. 

Compound  Mercwry  OintmerUf  Unguentum  hydrargyri  com- 
posUum. — Made  with  ointment  of  mercury,  yellow  wax,  olive 
oil,  and  camphor;  it  should  contain  14*3  per  cent.  Hg,  and 
ll'll  per  cent,  of  camphor. 

LiniTMnt  of  Mercuryy  lAnimerUum  hydrargyri,  is  made  of 
mercurial  ointment,  solution  of  ammonia,  and  liniment  of  cam- 
phor ;  it  may  coi^tain  about  10  per  cent  of  mercury. 

Mercurial  Suppositories,  Suppositoria  hydrargyri,  composed  of 
ointment  of  mercury,  benzoated  lard,  white  wax,  and  oil  of 
theobroma.  It  should  contain  about  11*11  per  cent,  of  Hg,  and 
each  suppository  should  weigh  15  grains. 

Acetate  of  Mercury,  Mercurovs  acetate,  is  not  contained  in  the 
B.P.,  but  is  officinal  on  the  Continent.  It  is  a  salt  occurring  in 
white  micaceous  scales,  soluble  in  133  parts  of  cold  water,  giving 
the  reaction  of  acetic  acid  and  mercury,  and  very  readily  decom- 
posed. 

Mercuric  Ethyl  Chloride,  Hydrargyrum  asthylo-chloratum,  is  used 
as  a  medicine  on  the  Continent.  It  occurs  in  white,  glittering, 
crystalline  scales,  which  take  on  pressure  a  metallic  appearance, 
and  possess  a  peculiar  ethereal  odour ;  it  is  but  little  soluble  in 
water  and  ether,  with  difficulty  in  cold  alcohol,  but  copiously 
soluble  on  boiling,  and  depositing  crystals  on  cooling.  It 
sublimes  about  40°C.  without  residue;  on  quick  heating  it 
bums  with  a  weak  flame,  developing  a  vapour  of  metallic  taste 
and  unpleasant  odour.  It  gives  no  precipitate  with  silver  nitrate, 
nor  with  albumen. 

Corrosive  Svhlimate,  Mercuric  chloride,  HgCl2  =  271;  Hg  73*8 
per  cent.,  CI  26*1  per  cent.  In  commerce  this  salt  occurs  in  trans- 
parent, heavy,  colourless  masses,  which  have  a  crystalline  fracture ; 
if  placed  in  the  subliming  cell  described  at  p.  284,  it  sublimes 
at  about  82*2°C.  (180°F.),  and  melts  at  higher  temperatures. 
The  sublimate  is  generally  in  groups  of  plates  drawn  to  a 
[>oint  at  both  ends,  in  crystalline  needles,  or  in  octahedra  with  a 
rectangular  base.  It  dissolves  in  16  parts  of  cold  water  and 
about  3  of  boiling,  and  is  very  soluble  in  solutions  of  the  alkaline 
chlorides  ;  it  dissolves  also  in  ether,  and  can  be,  to  a  great  extent, 
withdrawn  from  aqueous  solutions  by  this  agent.  Alcohol 
dissolves  nearly  one-third  its  weight  of  the  salt,  and  its  own 
weight  when  boiling.  It  combines  with  albumen;  gives  when  in 
solution  a  precipitate  of  mercuric  oxide,  when  tested  with  solu- 
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tion  of  potasb  ;'ft  white  precipitnte  with  nmraonia ;  a  scarlet  witk 
iodide  of  potasli,  and  &  black  precipitate  of  finely  divided  mercuty 
-with  protochloride  of  tin.  If  a  cryfital  (when  placed  in  tha 
HubUming  cell)  givea  a  cryHtalline  Bublimate  at  about  the  teiBt 
pfimtiiro  mentioned,  and  this  sublimnte  becomes  of  n  red  culour 
irlien  treated  with  a  droplet  of  iodide  of  potasli,  it  can  be  no 
other  Bubstanee  than  corroaiTe  Bublimat«. 

Solution  of  Percfiloride  of  Mercury,  Li/pior  hydrargyri  per^ 
dUoridi,  is  simply  10  grains  of  perchloride  of  mercnry  and. 
chloride  of  ammonium  in  a  pint  of  water;  100  cc.  therefore 
sliould  contain  '114  grm.  corrosiTe  sublimate.  ^ 

Yellov)  Mercurial  Lotion,  Lotto  hj/drargyri  Jlava. — Perchloride 
of  mercury  18  grains,  mixed  with  1  ounce  of  solution  of  liiDs. 

Calomel,  *  Hydrargyri  suJiehtoriduni.  —  The  properties 
calomel  havts  been  already  deacribed.  It  sometimes  containa 
an  impurity  corrouive  sublimate,  which  may  be  dissolved  out  hf: 
ether.  Carbooate  of  lead,  sulphate  and  carbonate  of  baryta, 
gum,  and  starch,  are  the  UHual  ndulterants  mentioned.  If  on 
the  application  of  heat  calomel  entirely  sublimes,  it  must  be  free 
from  the  substances  mentioned. 

Black  Mercurial  Lotion,  Lotto  hydre^gyri  nigra. — Calomel  30 
drains,  mixed  with  10  fluid  ounces  of  lime-water. 

Compound  Fill  of  Subcldoride  of  Mercwry. — Calomel  and  sul- 
phurated antimony,  each  1  ounce,  guiac  resin  2  ounces,  castor- 
oil  1  fluid  ounce.  I  grain  ('0648  grm.)  of  calomel,  and  the 
NAiiie  quantity  of  antimony  sulphide,  are  contained  in  every  ^ 
grains  (-324  grm.)  of  the  pDl  mass — i.e.,  calomel  20  per  cent, 

Oi-iitnient  of  Stiie/iloride  of  Mercury,  L'ngumitum  hydrargyri  sub- 
cldaridi. — Calomel  mixed  with  lead  ;  strength  about  14-2  per  cent. 

White  Precipitate,  Hydrargyrum  ammoniaium,  NHjHgCl. — A 
white,  heavy  powder,  subliming  by  heat  without  residue,  and 
insoluble  in  water,  alcohol,  and  ether.  With  soda,  it  yields  n 
meUillic  sublimata  When  boiled  with  potash,  ammonia  is  evolve<l, 
the  yellow  oxide  of  mercury  formed,  and  chloride  of  potash  passer- 
into  solution.      It  should  contain  70-5  i>er  cent,  of  mercury. 

The  fusible  white  precipitate  of  the  pharmacopeia  of  the 
Nirthcrlands  does  not  appear  to  be  of  constant  composition, 
varying  between  69-i  to  tJS'C  per  cent,  of  mercury,  t  It  melt^ 
on  heating,  and  leaves  as  a  residue  chloride  of  sodium. 

Commercial  white  precipitate  is  frequently  adulterated;  Barnes 
has  found  carbonates  of  lead  and  lime,  the  latter  to  the  extent  of 

'St  would  appear  that  ■□  America  a  cosmetic  is  in  use,  consisting  of  calomel 
mix&l  into  a  paste  wit^  wiAct.     Vvit  "A  Dangerous  Uosmetic,"  by  C.  H. 
i'j'esse.     Anatyit  [251,  ^S'S,  p.  '2A\. 
+Hir8oh,  "DiePtUfunsdet  krtiwflmiSua" 
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nearly  2  per  cent.*  Calomel,  according  to  Nickles,t  has  been 
substituted  for  white  precipitate,  but  this  was  several  years  ago. 
The  methods  for  detection  are  obvious. 

Ointment  of  Ammoniated  Mercury,  UnguerUum  hydrargyri 
amfnontaU. — 62  grains  of  the  substance  mixed  with  an  ounce  of 
simple  ointment. 

Bed  Iodide  of  Mercury,  Hydrargyrum  iodidum  rubrum,  Hglg. — 
A  crystalline  powder  of  a  scarlet  colour,  becoming  yellow  on 
gentle  heating.  It  is  very  insoluble  in  water,  one  part  requiring 
from  6000  to  7000  parts;  soluble  in  130  parts  of  cold,  150  of 
hot  alcohol ;  and  dissolving  freely  in  ether,  or  in  aqueous  sohi- 
tion  of  iodide  of  potassium. 

Ointment  of  Jied  Iodide  of  Mercury,  Unguentum  hydrargyri 
iodidi  rvhri, — 16  grains  of  the  substance  mixed  with  an  ounce 
of  simple  ointment. 

Green  Iodide  of  Mercury,  Hydrargyri  iodidum  viride,  Hgl. — 
A  dingy,  greenish-yellow  powder,  darkening  on  exposure  to  light, 
and  easily  decomposed  into  the  red  iodide. 

Bed  Oxide  of  Mercury,  Hydrargyri  oxidum  rubrum,  HgO  =  216 ; 
Hg  92*12  per  cent. ;  specific  gravity,  1 1  to  11  -3,  small,  red,  shining, 
crystalline  scales,  very  insoluble  in  water,  requiring  about  20,000 
parts ;  entirely  soluble  in  hydrochloric  acid.  By  a  heat  below 
redness  it  may  be  volatilised,  and  at  the  same  time  decomposed 
into  mercury  and  oxygen.  Its  principal  impurity  is  nitric  acid, 
readily  detected  by  the  usual  tests,  or  by  heating  in  a  test-tube, 
when,  if  nitric  acid  is  present,  orange  vapours  will  be  evolved. 
Fixed  red  powders  (such  as  brick-dust  and  minium)  are  detected 
by  being  left  as  a  residue,  after  the  application  of  heat  suffi- 
cient to  volatilise  the  mercury. 

Sulphate  of  Mercury,  a  white  crystalline  powder  decomposed 
by  water  into  the  very  insoluble  basic  salt  of  mercury  known  as 
Turbith  mineral,  HgS042HgO. 

Turbith,  or  Turpeth,  Mineral,  is  contained  in  the  French  phar- 
macopeia, HgS0^2HgO;  Hg  824  per  cent.;  specific  gravity  8*319. 
It  requires  for  solution  2000  parts  of  cold,  and  600  of  boiling 
water ;  but  dissolves  with  tolerable  ease  in  hydrochloric  acid. 

The  Sulphide  of  Mercury,  known  in  commerce  under  the 
name  of  Ethiopa  mineral,  is  officinal  in  France,  the  Netherlands, 
and  Germany.  Its  properties  have  been  already  described.  The 
German  and  Dutch  pharmacopeias  require  in  it  50,  the  French 
only  33  J  per  cent,  of  metallic  mercury. 

HahnemarCa  Soluble  Mercury,  Hydrargyrum  soluhile  Ha/inemanni, 
is  officinal  in  the  Dutch  pharmacopeia.     As  found  in  commerce 

•  Proceed  BrU.  Pharm,  Conf.,  ISftl,  ipA^. 

f  Joitrn.  Pharm.  et  Chim,,  le  a^rie,  \^5^,  N\ai.  ^.,'^^. 
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it  contains  metallic  mei'cury,  nitric  acid,  and  ammonia.  The 
mercury  should  be  in  the  jiroportion  of  86'33  per  cent.,  the 
ammonia  2"44  per  cent. 

Crystal/uied  Nitrate  of  Mercary,  HydTaTgyruvi  nitricum  oxidu- 
latum,  is  officinal  in  the  pharmacopeias  of  Germany,  Switzerland, 
ami  Fraoce.  The  salt  is  in  white  crystals,  giving  the  reactions 
of  nitric  acid  and  mei-cury,  decomposed  by  the  addition  of  water, 
but  fully  soluble  in  wat«r,  if  first  moistened  with  nitric  actd. 
The  formula  of  the  neutral  salt  ia  2HgO,  H^O^^Hja,  which 
requires  G9'4  per  cent,  of  mercury. 

An  Ointment  of  Nitrate  of  Mercury,  Unffvenlum  hydntr^yri 
■tiitratis,  is  contained  in  the  B,P. ;  it  ia  made  with  4  jiarts  of 
mercury,  nitric  acid  12,  lard  15,  olire  oil  32. 

A  C/tloride  of  MerMiry  and  Qtiinitie  exiats  in  commerce,  pre- 
pared by  mixing  one  part  of  corrosiTe  sublimate  in  solation 
with  three  parts  of  quinine  chloride,  evaporating,  and  crjstftl- 

Cyaniile  of  Mercury,  HgCy,  is  contained  in  the  French  phar- 

macopeiii.  It  occurs  iu  smiill  colourleHM  prismatic  crystiils,  wisily 
soluble  in  water.  If  to  the  solution  chloride  of  tin  be  added,  a 
black  precipitate  of  reduced  metallic  and  stannous  oxide  is 
thrown  down,  and  the  odour  of  prussic  acid  is  developed. 

Mercuric  Sulphide,  Sulphide  of  Mercury,  Cintiobar,  Vermilion,  is 
officinal  in  Germany,  the  Netherlands,  and  France  ;  HgS  -  232  ; 
specific  gravity,  solid,  8-2 ;  Hg  8C-21  per  cent,  O  13-79  per  cent. 
For  medicinal  purjioses  it  is  made  artificially.  It  is  a  beautiful 
led  powder,  insoluble  in  alt  alkaline  and  all  acid  liquids,  with 
the  exception  of  aqua  regia.  The  solution  gives  the  reactions 
of  sulphuric  acid  and  nierciiry.  On  heating,  it  must  burn  away 
entirely  without  residue;  adultei-ations  or  impurities  are — 
minium,  lead,  copper,  and  other  metals.  The  detection  of 
luiuiiim  is  conveniently  executed  in  the  dry  way.  Pure  cinna- 
bar, when  heated  in  a  matrass,  gives  a  black  sublimate,  which 
becomes  red  on  friction.  If  minium  is  present,  sulphide  of  lead 
i-emains  as  a  i-esidue,  and  may  be  recognised  on  coal;  the  same 
remark  applies  to  sulphide  of  antimony.  If  it  be  desired  to  take 
the  percentage  of  mercuiy  in  cinnabar,  equal  parts  of  oxalate 
and  cyanide  of  potassium  shoubl  be  well  mixed  with  the  cuina- 
bar,  and  lieated  in  the  bent  tube  described  at  p.  447  ;  by  this 
means  the  whole  of  the  metallic  mercury  is  readily  obtained." 

*  Dr.  SutrohaspublishedacaBe  (quoted  byTaylor),  in  which  the  v»pour  ot 

icrmilioii,  npiilieil  eitematly,  produced  jjoiaonouB  aymptoma  ;  yet,  accordinj; 

t(i  Folak,   the  Tersiana  iuhalo   it  inaliciually,   smokiug   it  with  tobacco, 

catechu,  mucilacc  &c.,  tbe  oii\y  W4  eSwA\i«iit^i»,iyKa*ioiud  atomatitis. — 

i-'iiienberg ;   "Gewerbo  Uyftftne,"  ^.l*^- 
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Acid  SdtUion  of  Nitrate  of  Mercury,  Liquor  kydrargyri  nitrcUis 
acidtu,  a  colourless,  strongly  acid  liquid,  giving  the  reactions  for 
nitric  acid  and  mercury ;  specific  gravity,  2*246. 


§  189.  The  more  Common  Patent  and  Quack  Medicines  containing 

Mercury. 

Mordants  Norton*8  Drops, — This  patent  medicine  is  a  mixture 
of  the  tincture  of  gentian  and  ginger,  holding  in  solution  a  little 
bichloride  of  mercury,  and  coloured  with  cochineal. 

SolomoTCs  Antirimpetigines  is  a  solution  of  bichloride  of  mercury, 
flavoured  and  coloured. 

Poor  Manis  Friend, — An  ointment  of  nitrate  of  mercury. 

BrowrCs  Lozenges, — Each  lozenge  contains  \  grain  of  calomel, 
and  Z\  grains  of  resinous  extract  of  jalap  \  the  rest  is  white 
sugar  and  tragacanth. 

Chinas  Worm  Lozenges, — Each  lozenge  contains  1  grain  of 
calomel ;  the  rest  white  sugar  and  tragacanth,  with  safiron  as  a 
colouring  matter. 

Storey* s  Worm  Cakes, — Each  cake  2  grains  of  calomel,  2  grains 
of  cinnabar,  6  grains  of  jalap,  5  grains  of  ginger,  and  the  remain- 
der sugar  and  water. 

Wright's  Pearl  Ointment  is  said  to  be  made  up  of  8  ounces  of 
white  precipitate  rubbed  to  a  cream  in  1  pint  of  Goulard's 
extract,  and  to  the  mixture  is  added  7  pounds  of  white  wax  and 
10  pounds  of  olive  oiL 

Keyser's  Pills, — The  receipt  for  these  pills  is — red  oxide  of 
mercury  IJ  ounce,  distilled  vinegar  (dilute  acetic  acid)  1  pint; 
dissolve,  add  to  the  resulting  solution  manna  2  lbs.,  and  triturate 
for  a  long  time  before  the  fire,  until  a  proper  consistence  is 
attained ;  lastly,  divide  the  mass  into  pills  of  1^  grain  each. 
^  Mitchell's  PUls. — Each  pill  contains  aloes  *8  grain,  rhubarb  1*6 
grain,  calomel  *16  grain,  tieirtar  emetic  *05. 

Many  Antibilioys  Pills  will  be  found  to  contain  calomel,  a  few 
mercury  in  a  finely  divided  state. 

§  190,  .Mercury  in  Veterinary  Medicine, — Farmers  and  farriers 
use  the  ointment  {bliie  ointment)  to  a  dangerous  extent,  as  a 
dressing  for  the  fly,  and  wholesale  poisoning  of  sheep  has  been 
in  several  instances  the  consequence.*  Ethiops  mineral  and 
Turpeth  mineral  are  given  to  dogs  when  aflected  by  the  dis- 
temper, worms,  or  the  mange.  Mercury,  however,  is  not  very 
frequently  given  to  cattle  by  veterinary  surgeons,  ruminants 
generally  appearing  rather  susceptible  to  its  poiaoxLOvsA  ^^^5:^  \ 

*  Taylor's  "Medical  JamprudenoQ,^^  v.,  '^.  Ti^. 
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but  to  lioraes  it  ie  given  in  large  doses,  especially  in  fdrcy  and 
glaniltrs. 

Dose.—HortM. — Cinnabar  J  ounce  (14174  grros.),  calomel  \ 
oiince  (14-174  grma.)  or  more,  corrosive  sublimate  3  to  C  graitiK 
(■129G  to  -3888  grm.),  and  «is  much  as  20  grains  (l-i296  grm.) 
have  been  given  in  farcy. 

CiK(/e.— Mercury  with  chalk  1  to  3  drachma  (3-888  to  11-64 
grms.),  calomel  1  to  2  drachms  (3'888  to  7'777G  grma.);  in  worms 
10  to  20  grains  (-648  to  1-286  grm.);  as  an  alterative,  Ethiopa 
mineral  3  to  4  drachms  (7-777  to  15-552  grms.) 

Ooja.— EttiopB  or  Tnrpeth  mineral  2  to  20  grains  (-129fi  to 
1-296  grm.),  according  to  the  size.  ^^ 

Fowh. — Mercury  and  chalk  are  given  in  fractions  of  a  grain.   ^H 

Uoi/s  are  also  treated  'with  mercary  and  chalk  j  the  dose  UBUBUf^l 
given  does  not  exceed  5  grains  (*32  grm.) 

It  may  be  remarked  that  mciny  of  the  doses  quoted  appear 
very  largo ;  the  writer  cannot  hut  consider  that  20  grains  of 
corrosive  sublimate  administered  to  a  horse  would  be  more 
likely  to  kill  the  animal  than  to  cwre  the  disease. 

§  191.  Merewry  in  (Ae  Artt. — The  use  of  mercury  in  the  arts  is 
so  extensive,  that  any  one  in  analytical  practice  is  almost  certain 
occasionally  to  meet  with  cases  of  accidental  poisoning,  either 
from  the  vapour  •  or  some  of  its  combinations. 

Quicksilver  is  used  in  the  extraction  of  gold,  the  silvering  of 
mirrors,  the  construction  of  barometers,  and  various  scientific 
instruments  and  appliances  ;  also  for  the  preservation  of  insects, 
and  occasionally  for  their  destruction. f  An  alloy  with  zinc  and 
cadmium  is  employed  by  dentists  for  stopping  teeth;  but  there  is 
no  evidence  that  it  has  been  at  all  injurious,  the  mercury, 
probably,  being  in  too  powerful  a  state  of  combination  to  be 
attacked  by  the  fluids  in  the  mouth.J  Cinnabar  lias  also  been 
employed  to  give  a  red  colour  to  confections,  and  it  may  be  found 
in  tapers,  cigarette  papers,  and  other  coloured  articles.  The 
nitrate  of  mercury  in  solution  finds  application  in  the  coiowring 
of  horn,  in  the  etching  of  metals,  in  the  colouring  of  the  liner 
sorts  of  wool,  and  in  the  hat  manufacture. 

•  A  BiDgular  cBBe  is  cited  by  Tardieu  ("Etude  m&l.-16g»Ie  sur  remfmi- 
sonnement  "I,  in  which  a  man,  siipposing  bo  had  some  miaeralB  coDtainini: 
gold,  attempted  the  extraction  by  amalgamation  with  mercury.  He  med 
a  portable  furnace  (for  the  purpose  of  volatiUgiug  the  mercury)  in  a  sniall 
room,  and  his  wife,  who  naniatcd  him.  suffered  from  a  very  well-marked 
Btomntitis  and  mercurial  emption. 

t  Forty-three  persons  were  salivated  from  fumigating  rooms  with  mercury 
for  tie  purpose  of  destroying  bugs  (Sonnenschein's  "Handbnch."  y.  M). 

t  More  danger  is  to  be  aw'^^^*'^**^^'''^  ^^  vulcanised  rubber  for  artificial 
teeth  ,-  and,  accordine  to  ut.  la-jVit,  wyiv&eii'i*  "oise  wrairrod  from  the  nee 
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The  sulphocyanide  of  mercnry  gives,  when  burnt,  a  most 
abundant  ash,  a  fact  utilised  in  the  toy  known  as  Pharaoh's  ser- 
pent ;  the  products  of  combustion  are  mercurial  vapours  and 
sulphurous  anhydride.  That  the  substance  itself  is  poisonous  is 
evident  from  the  following  experiment*  ; — '5  grm.  was  given  to 
a  pigeon  without  immediate  result;  but  ten  hours  afterwards  it 
was  indisposed,  and  refused  its  food,  and  in  forty  hours  it  died 
without  convulsions. 

§  192.  Dangerous  and  Fatal  Doses  of  Mercury. — Corrosive 
sublimate  has  been  fatal  in  a  dose  so  small  as  3  grains  (18 
centigrammes);  white  precipitate  has  caused  dangerous  symptoms 
in  doses  of  from  30  to  40  grains ;  the  cyanide  of  mercury  has 
killed  a  person  in  a  dose  of  10  grains  (Christison)]  and  Turpeth 
mineral  has  proved  fatal  in  doses  of  40  grains. 

Other  preparations  of  mercury  have  also  been  fatal,  but  a 
doubt  has  existed  as  to  the  precise  quantity.  Sometimes,  also, 
there  is  probably  a  chemical  change  in  the  substance,  so  that  it 
is  impossible  to  state  the  fatal  dose.  For  example,  it  is  well 
known  that  calomel,  under  the  influence  of  alkaline  chlorides, 
can  be  converted  into  the  bichloride — a  fact  which  probably 
explains  the  extensive  corrosive  lesions  that  have  been  found  after 
death  from  large  doses  of  calomel. 

§  193.  Injury  to  VegeUUion  by  Mercury,  &c. — The  fumes  of 
mercury  are  extremely  injurious  to  vegetation.  Priestley  and 
Boussingault  have  shown  that  plants  under  a  glass  shade,  in 
which  some  mercury  is  exposed  in  a  saucer,  first  exhibit  black 
spots  on  the  leaves,  ultimately  the  latter  blacken  entirely, 
and  the  plants  die.  Water  in  the  neighbourhood  of  works  and 
manufJGUstures  in  which  mercury  is  used  or  prepared  in  any 
way,  may  become  contaminated,  and  both  fish  and  cattle  have  in 
this  way  been  poisoned. 

§  194.  Elimination  of  Mercury. — The  question  of  the  channels 
by  which  mercury  is  eliminated  is  of  the  first  importance.  It 
would  appear  certain  that  it  can  exist  in  the  body  for  some  time 
in  an  inactive  state,  and  then,  from  some  change,  be  carried  into 
the  circulation  and  show  its  effects.t  Yoit  considers  that  mer- 
cury combines  with  the  albuminous  bodies,  separating  upon  their 
oxidation,  and  then  becoming  free  and  active.]: 

However  this  may  be,  it  is  tolerably  clear  that  in  the  adminis- 
tration o^  mercury,  most  of  it  is  excreted  by  the  bowels,  and, 

♦  Eulenberg:  "Gewerbe  Hyrifene,"  p.  742. 

t  Tuson  gave  a  mare— first,  4  graina,  and  afterwards  5  grains  of  corrosive 
sublimate  twice  a  day ;  at  the  end  of  fourteen  days,  in  a  pint  of  arine  no 
mercury  was  detected,  but  at  the  end  of  three  wee&ft  it  "««&  l^cs^QiA. 

t  Voit,  "PhyaioL  Cliem."    Augsburg,  1857. 
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therefore  that  the  analyst  (in  any  recent  case) 

.liould  b.  .ent 

the  whole:  length  of  the 

intestinal  canal,  or  its  contents,  as  well 

na  the  ordinary  organ  a. 

From  the  body  of  a 

hound  tliat,  in  the  course  of  thirty-one 

dnys,  took  2-789  grms. 

of  calomel  (2-368  Hg) 

in  eighty-seven 

dosea,  about  94  per  ee 

ut,   of  the   siibstanoB  wi 

.1  t«o.,red  on 

aualysia. 

In  the  fbces, 
„       urine, 

.  2-117!>  ■ 
00550            U 

.,       brain,  heart,  lungs,  epleeu,  pan- 

■ 

creas, 

ktdiieys,  scrotum,  and 

■ 

penis, 
„       liver,  . 

00090  ■ 
OOUO           ■ 

„       muHcles, 

OOIU  ■ 
2-2069            fl 

This  equals  1-9  of  metallic  mercury."  Thus,  of  the  whole 
2-2  grms.  of  mercuric  sulphide  separated,  over  95  i>er  cent,  was 
obtained  from  the  fieccs. 

This  case  is  of  considerable  interest,  for  there  are  recorded  in 
toxicologicftl  treatises  a  few  cases  of  undoubted  mercurial  poison- 
ing in  which  no  poison  had  been  detected,  although  there  was 
ample  evidence  that  it  had  been  administered  by  the  mouth. 
In  such  cases  it  is  probable  that  the  whole  leugth  of  the 
intestinal  canal  bad  not  been  examined,  and  the  analysis  failed 
from  this  cause.  When  (as  not  unfrequently  happens)  the  mer- 
curial poison  has  entered  by  the  skin,  it  is  evident  that  tlie 
most  likely  localities  are  the  urine,  the  liver,  aud  the  kidneys.t 

In  a  case  related  by  Vidal,J  the  Liquor  Bellostii  (or  solution 
of  mercuric  nitrate)  was  ordered  by  mistake  instead  of  a  lini- 
ment. Although  externally  applied,  it  caused  salivation,  profuse 
diarrhoea,  and  death  in  nine  days.  The  whole  of  the  intestinal 
track  was  found  inflamed  with  extravasations,  aud  mercury 
detected  in  the  liver. 

In  any  case  of  external  application,  if  death  ensues  directly 
from  the  poison,  evidence  of  its  presence  will  probably  be  found; 
but  too  much  stress  must  uot  be  laid  upon  the  detection  of 

•  Kiederer,  io  Bucluicr's  Xetir.ii  Rupert./.  Pharm.      Bil,  x.  vij. 
+  Very  recently  a  woman  died  from  the  effects  of  a  corrosive  sublimite 
lotiou  applied  by  a  quack  to  a  wound  iu  her  ici;.    The  writer  found  no  poison 
in  tho  atomacb,  but  BeY>^'^ted  a  milligramme  of  metallic  mercury  from  tlie 
liver;  the  urine  and  inteiAines  -wBte  iwt  eaiA. 
.r  Oae.  de  hSpUal,  JuiUet,  l?a4. 
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mercury,  for,  as  Dr.  Taylor  says,  "  Nothing  is  more  common 
than  to  discover  traces  of  mercury  in  the  stomach,  bowels,  liver, 
kidneys,  or  other  organs  of  a  dead  body."* 

§  195.  Tests  for  Mercury. — Mercury,  in  combination  and  in 
the  solid  form,  is  most  readily  detected  by  mixing  the  substance 
intimately  with  dry  anhydrous  sodic  carbonate,  transferring  the 
mixture  to  a  glass  tube,  sealed  at  one  end,  and  applying  heat. 
If  mercury  be  present,  a  ring  of  minute  globules  condenses  in 
the  cool  part  of  the  tube.  If  the  quantity  of  mercury  is  likely 
to  be  very  minute,  it  is  best  to  modify  the  process  by  using  a 
subliming  cell  (p.  284),  and  thus  obtain  the  sublimate  on  a  circle 
of  thin  glass  in  a  convenient  form  for  microscopical  examination. 
If  there  is  any  doubt  whether  the  globules  are  those  of  mercury 
or  not,  this  may  be  resolved  by  putting  a  fragment  of  iodine  on 
the  lower  disc  of  the  subliming  cell,  and  then  completing 
it  by  the  disc  which  contains  the  sublimate  (of  course,  the 
supposed  mercurial  surface  must  be  undermost);  on  placing  the 
cell  in  a  warm,  light  place,  after  a  time  the  scarlet  iodide  is  formed 
and  the  identification  is  complete.  Similarly,  a  glass  tube  con- 
taining an  ill-defined  metallic  ring  of  mercury  can  be  sealed  or 
corked  up  with  a  crystal  of  iodine,  and  after  a  few  hours  the 
yellow  iodide,  changing  to  scarlet,  will  become  apparent.  There 
are  few  (if  any)  tests  of  greater  delicacy  than  this. 

Mercury  in  solution  can  be  withdrawn  by  acidulating  the 
liquid,  and  then  inserting  either  simply  a  piece  of  gold  foil,  gold 
wire,  or  bright  copper  foil;  or  else  by  a  giedvanic  arrangement,  such 
as  iron  wire  wound  round  a  gold  coin  or  gold  foil,  attached  to  a 
rod  of  zinc ;  or,  lastly,  by  the  aid  of  gold  or  copper  electrodes 
in  Connection  with  a  battery.  By  any  of  these  methods,  mer- 
cury is  obtained  in  the  metallic  state,  and  the  metal  with  its 
film  can  be  placed  in  a  subliming  cell,  and  globules  deposited  and 
identified,  as  before  described. 

The  Precipitating  Reagents  for  mercury  are  numerous :  a  sol- 
ution of  stannous  chloride,  heated  with  a  solution  of  mercury, 
or  any  combination,  whether  soluble  or  insoluble,  reduces  it  to 
the  metallic  state. 

Mercwrous  Salts  in  solution  yield  with  potash,  soda,  or  lime,  a 
black  precipitate  of  mercurous  oxide.  Mercuric  SaUs,  a  bright 
yellow  precipitate  of  mercuric  oxide. 

Mercurous  SaUs  yield  black  precipitates,  with  sulphides  of 
ammonium  and  hydrogen.  Mercuric  Salts  give  a  similar  reaction, 
but  with  sulphuretted  hydrogen  first  a  whitish  precipitate,  passing 
slowly  through  red  to  black. 

Mercurous  Salts  and  solutions  of  the  chlorides  ^y^  %i  ^VSX^ 

•  Taylor:  "Medical  JuriBprudence,"  1., ^.7»i. 
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precipitate  of  oalomel;  the  Meretirie  SalU  yield  no  predpital«  ] 
under  similar  cii-cumstaucea.  Mereuroua  SalU  treated  with  i 
iodide  of  potash  give  a  green  mercurous  iodide;  MercKric,  k  | 
scarlet. 

§  196.   7'A«  DOeelion  of  Mercury  in  Organic  Substawxa  and      I 
Fluids, — Tlie  galvanic  proceas,  previously  deacribed,  La  found  in      I 
practice  the  Iwst.     Fluids,  auch  as  urine,  must  bo  evaporated  to      | 
dryness,  and  then  treated  with  hydrochloric  add.    Such  organs  as 
the  liver  are  cut  up  and  dissolved  iu  hydrochloric  acid  (1 : 4),  and 
tlie  strained  fluid  tested  by  electrolysis.    Dr.  Taylor  relates*  how 
by  this  process  distinct  evidence  of  mercury  in  the  liver  waa 
obtuliicd  on  a  piece  of  copper  gauze,  in  a  case  where  a  child  had 
been  given  two  grains  of  oalomel  before  death.     "  Four  ounces 
of  the  Uver  were  treated  with  hydrochloric  acid  find  water,  and 
a  small  piece  of  pure  copper  placed  in  the  acid  liquid  while 
warm,  and  kept  there  for  about  forty-eight  hours.     It  acquired 
a  slight  silvery  lustre,  and  globules  of  mercury  were  obtained 
from  it  by  sublimation." 

In  those  cases  where  no  special  search  is  made  for  mercury, 
but  an  acid  (hydrochloric)  solution  is  treated  with  sulphuretted 
hydrogen,  mercury  is  indicated  by  the  presence  of  a  black 
precipitate,  which  does  not  dissolve  in  warm  nitric  acid. 

The  further  treatment  of  the  black  sulphide  may  be  under- 
taken in  two  wajB  : — 

(1.)  It  is  collected  on  a  porcelain  dish,  with  the  addition  of  a 
little  nitric  acid,  and  evaporated  to  dryness  in  order  to  destroy 
organic  matter.  Hydrochloric  and  a  few  drops  of  nitric  acid  ore 
next  added;  the  action  is  aided  by  a  gentle  heat,  the  solution 
linally  evaporated  to  dryness  on  the  water-bath,  and  the  residue 
taken  up  by  warm  distilled  water.  The  solution  is  that  of  ii 
persalt  of  mercury,  and  the  mercury  can  be  separated  by 
electrolysis,  or  indicated  by  the  tests  already  detailed. 

(i.)  The  other  method,  and  the  most  satiB&ctory,  ia  to  mix 
the  sulphide  while  moist  with  dry  carbonate  of  soda,  make  it 
into  a  pellet  which  will  easily  enter  a  reduction  or  subliming 
tube,  dry  it  carefully,  and  obtain  a  sublimate  of  metallic 
mercury. 

Estimation  of  Mercury. — All  pharmaceutical  substances  con- 
taining mercury,  as  well  as  the  sulphide  prepared  in  the  wet 
way,  and  minerals,  are  best  dealt  with  by  obtaining  and  weigh- 
ing the  metal  in  the  solid  state.  The  assay  is  very  simple 
:uid  easy  when  curried  out  on  the  method  that  was  first,  perhaps, 
projtosed  by  Domeyko.  A  glass  tube  (which  should  not  be  too 
thin),  closed  at  one  end,\B\)eQt,aaftVa'»ni.in  Fig.  18;  the  diameter 
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should  be  about  three  lines,  the  length  from  seven  to  eight 
inches,  the  shorter  arm  not  exceeding  two  inches.  The  powdered 
substuice  is  mixed  with  two  or  three  times  its  weight  of  litharge, 
and  introduced  into  the  tube  at  a.  The  portion  of  the  tube 
containing  the  mercury  is  at  first  heated  gently,  but  finally 
brought  to  a  temperature  sufficient  to  fuse  the  substance  and 
soften  the  glass.  The  mercury  collects  in  an  annular  film  at  6  in 
the  cooler  limb,  and  may  now,  with  a  little  management  of  the 


Fig.  18. 

lamp,  be  concentrated  in  a  well  defined  ring;  the  portion  of  the 
tube  containing  this  ring  is  cut  off,  weighed,  then  cleansed  from 
mercury,  and  re  weighed.  Many  of  the  pharmaceutical  prepara- 
tions do  not  require  litharge,  which  is  specially  adapted  for  ores, 
and  heating  with  sodic  carbonate  (in  great  excess)  will  suffice. 
Mercury  mixed  with  organic  matter  must  be  first  separated  as 
described,  by  copper  or  gold,  the  silvered  foil  rolled  up,  dried, 
introduced  into  the  bent  tube,  and  simply  heated  without 
admixture  with  any  substance;  the  weight  may  be  obtained 
either  by  weighing  the  foil  before  and  after  the  operation,  or  as 
above. 

§  197.  Volumetric  Processes  for  the  Estimation  of  Mercu/ry, — 
When  a  great  number  of  mercurial  preparations  are  to  be 
examined,  a  volumetric  process  is  extremely  convenient.  There 
are  several  of  these  processes,  some  adapted  more  particularly 
for  mercuric,  and  others  for  mercurous  compounds.  For 
mercuric,  the  method  of  Personne*  is  the  best.  The  conversion 
of  the  various  forms  of  mercury  into  corrosive  sublimate  may  be 
effected  by  evaporation  with  aqua  regia,  care  being  taken  that 
the  bath  shall  not  be  at  a  boiling  temperature,  or  there  will  be  a 
slight  loss. 

Fersonne  prefers  to  heat  with  caustic  soda  or  potash,  and  then 
])as8  chlorine  gas  into  the  mixture;  the  excess  of  chlorine  is 
expelled  by  boiling,  mercuric  chloride  in  presence  of  an  alkaline 
chloride  not  being  volatilised  at  lOO^C.  The  standard  solutions 
required  for  this  process  are— 

(1.)  33*2  gmis.  of  potassic  iodide  in  1  litre  of  water,  1  cc.  = 
001  grm.  Hg,  or  0-01355  grm.  HgCl^ 

•  Compks  Bendus^  Ivi  68 ;  8utbatf*"\oV  kui^r  VH. 
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(3.)  A  Boliition  of  mereiirie  chloride  containing  13'55  gmi«.  tt 
the  litre.  1  cc  =  0-1  grm.  Hg. 

The  process  is  founded  on  the  foci  that  if  a  solution  of  mercurii* 
cliioride  be  added  to  one  of  potaBsic  iodide,  in  the  proportion  of 
line  of  the  former  to  four  of  the  latter,  mercuric  iodide  is  foi-med, 
and  immediately  dissolved,  iintil  the  balance  is  oversteppod. 
when  tbd  red  colour  is  developed;  the  final  reaction  ia  very  sharp, 
iind  with  Bolutions  properly  made  ia  very  accurate.  The  mercuric 
solution,  must  always  be  added  to  the  alkaline  iodide;  a  rev»Ba1 
of  the  ])rocess  does  not  answer.  It  therefore  follows  that  the 
solution  to  be  tested  must  be  made  up  to  a  definite  bulk,  and 
added  to  a  known  quantity  of  the  iodide  of  potash  solution,  until 
the  red  colour  appears. 

Mercurovs  Salts  may  be  titrated  with  great  accuracy  by  a 
decinomial  solution  of  sodic  chloride.  This  is  added  to  the  cold 
solution  in  very  slight  excess,  the  calomel  filtered  off,  the  filtrate 
neutralised  by  pure  carbonate  of  soda,  and  the  amount  of  chloride 
of  soda  still  unused  found  by  titration  with  nitrate  of  silver,  the 
end  reaction  being  indicated  by  chromate  of  potash.  Several 
other  volumetric  processes  are  fully  described  in  works  treating 
upon  this  branch  of  analysis. 


(III.)  NO  rREOlPITATR  BY  HYDRIC  SULPHIDE  IN 
A  SOLUTION  STRONGLY  ACIDIFIED  BY  THE 
MINERAL  ACIDS;  RUT  A  WHITE  rRECIPIT.VTE 
IN  NEUTRAL,  ALKAUNE,  OR  ACETIC  ACID 
SOLUTIONS. 


ZINC. 

§  198.  .?inc  =  65'0;  specific  gravity,  G-8  to  7-1;  fusing  point, 
41 2°C.  (773°F.),  is  a  hard,  bluish-white,  brittle  metal,  with  a  crystal- 
line fracture.  Between  100°  and  150°C.  it  becomes  ductile,  and 
may  be  easily  wrought;  but  at  a  little  higher  temperature  it 
again  becomes  brittle,  and  at  a  bright  red  heat  it  fuses,  and  then 
volatilises,  the  fumes  taking  fire  when  exposed  to  the  air.  In 
analysis  zinc  occurs  either  as  a  metallic  deposit  on  a  platinum 
foil  or  dish,  or  as  a  WvttXe  \iead,  ciVita,ined  by  reducing  a  zinc 
compound  with  soda  on.  ciiMCSMi. 
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The  salts  of  zinc  to  be  briefly  described  here  are  the  carbonate, 
the  oxide,  and  the  sulphide — all  of  which  are  likely  to  occur  in 
the  separation  and  estimation  of  zinc,  and  the  sulphate  and 
chloride — salts  more  especially  found  in  commerce,  and  causing 
accidents  from  time  to  time. 

§  199.  Carbonate  of  Zinc,  in  the  native  form  of  calamine, 
contains,  as  is  well  known,  64*8  per  cent,  of  oxide  of  zinc ;  but 
the  carbonate  obtained  in  the  course  of  an  analysis  by  precipitat- 
ing the  neutral  hot  solution  of  a  soluble  salt  of  zinc  by  carbonate 
of  potash  or  soda,  is  carbonate  of  zinc  plus  a  variable  quantity  of 
hydrated  oxide  of  zinc.  Unless  the  precipitation  takes  place  at 
a  boiling  temperature,  the  carbonic  anhydride  retains  a  portion 
of  the  oxide  of  zinc  in  solution.  By  ignition  of  the  carbonate, 
oxide  of  zinc  results. 

§  200.  Oxide  of  Zinc  (ZnO  =  81 ;  specific  gravity,  5*612;  Zu  80*24, 
O  19*76)  is  a  white  powder  when  cool,  yellow  when  hot.  If  mixed 
with  sufficient  powdered  sulphur,  and  ignited  in  a  stream  of 
hydrogen,  the  sulphide  is  produced ;  if  ignited  in  the  pure  state 
in  a  rapid  stream  of  hydrogen  gas,  metallic  zinc  is  obtained ;  but 
if  it  is  only  a  feeble  current,  the  oxide  of  zinc  becomes  crystalline, 
a  portion  only  beins:  reduced. 

§  201.  Sulphide  of  Zinc  (ZnS  =  97;  specific  gravity,  4*1;  Zu  67*01, 
S  32*99). — The  sulphide  obtained  by  treating  a  neutral  solution 
of  a  soluble  salt  of  zinc  by  hydric  sulphide,  is  hydrated  sulphide, 
insoluble  in  water,  caustic  alkalies,  and  alkaline  sulphides,  but 
dissolving  completely  in  nitric  or  in  hydrochloric  acid.  When 
dry,  it  is  a  white  powder,  and  if  ignited  contains  some  oxide  of 
zinc.  The  anhydrous  sulphide  is  produced  by  mixing  the  pre- 
cipitated sulphide  with  sulphur,  and  igniting  in  a  crucible  in  a 
stream  of  hydmgen  gas. 

Sulphate  of  Zinc  (ZnS047H20  101  +  126;  specific  gravity,  crys- 
tals, 1*931).  This  salt  is  officinal  in  all  the  pharmacopeias,  is  used 
in  calico-printing,  and  is  commonly  known  as  white  vitriol.  By 
varying  the  temperature  at  which  the  crystals  are  allowed  to 
be  formed,  it  may  be  obtained  with  6,  5,  2,  or  1,  atoms  of  water. 
The  commercial  sulphate  is  in  crystals  exactly  similar  to  those 
of  Epsom  salts ;  it  is  slightly  efflorescent,  and  gives  the  reactions 
of  zinc  and  sulphuric  acid. 

§  202.  CJdoride  of  Zinc  is  obtained  by  dissolving  zinc  in  hydro- 
chloric acid,  or  by  direct  union  of  zinc  and  chloride.  Chloride 
of  zinc  is  the  only  constituent  in  the  well-known  "Burnett's 
•  lisinfectant  fluid."  A  solution  of  chloride  of  zinc  may  be  heated 
until  it  becomes  water-free;  when  this  takes  place  it  still  remains 
tluid,  and  makes  a  convenient  bath,  for  warmth  may  be  a^^liad 
to  it  above  370°C.  without  its  eraittiu*^  ivimoA  to  \ii<io\iN«i5S«£iRi»s 
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lit  a  red  Iieat  it  diatils.  A.  concentmteil  nolutioii  of  xiut:a- 
amnionic  chloride  (aH^NClZuClj)  is  used  for  the  purpose  of 
removing  the  film  of  oxide  from  various  metals  prepiratory  to 
Koldering. 

§  203.  Zinc  in  l!ie  ArU. — The  use  of  noc  aa  a  nietal  in  sheeting 
cisiems,  articles  for  domestic  use,  alloys,  ic,  is  well  known. 
Siiljihide  of  rinc  lias  lately  beou  employed  as  a  substitute  for 
white  lead,  and  may  possibly  supersede  it.  Ziac  white  is  further 
employed  as  a  pigment,  and  mixed  with  albumen  is  ua  agent  lu 
calico-printing;  it  is  also  used  in  the  decoloration  of  glass,  in  the 
polishing  of  optical  glasses,  and  in  the  manufacture  of  artificial 
meerschiium  pipes.*  ■ 

Chruiiiale  of  Zinc  (ZnCrO,)  is  used  in  calico-printing,  and  there 
is  tilso  in  commerce  a  basic  chromate  tcuowa  as  zinc-^iovi.  Zinc 
Green,  nr  Rinman's  Green,  is  a  beautiful  innocuous  colour,  formed 
by  igniting  a  mixture  of  dry  zincic  and  cobaltous  carbonateSi 

The  use  of  zinc  vessels  in  the  preparation  of  foods  may 
occasic  III  ally  bring  the  nietal  under  the  notice  of  the  uialyst. 
When  exposed  to  a  moist  atmosphere,  zicc  becomes  covered 
with  B  tliin  film  of  oxide,  ])erfectly  inRoluble  in  ordinary  wnt.-r- 
but  if  the  water  .should  be  charged  with  common  salt,  a  con- 
siderable ijuantity  may  be  dissolved.  It  may  generally  be  laid 
down  as  a  rule  that  the  solvent  jwwer  of  water  on  ziuc  li;is  a 
direct  relation  to  the  clilorides  present,  whilst  carbonate  of  lime 
greatly  diiiiinislies  this  soliiliility-t 

Milk  m:iy  become  contaminated  by  zinc;  for  it  is  a  matter 
of  common  knowledge,  that  milk  contained  in  zinc  vessels  docs 
not  readily  turn  sour.  This  may  be  explained  by  tlic  zinc  oxide 
combining  witli  the  lactic  acid,  and  forming  the  sjiaringlv  soluble 
lactate  of  zinc  (C^llrO^Zn  ■¥  3H„0,  thus  withdrawing  the  lactic 
acid  as  fast  as  it  b  formed,  preventing  the  coagulation  of  the 
cnseine.  AVith  regard  to  this  imiwrtant  practical  subject,  1I3I. 
I'nyen  and  Chevallier  made  fievei-al  experiments  on  the  action 
of  brandy,  wine,  vinegar,  olive  oil,  soup,  milk,  ic,  and  proved 
that  zitic  is  acted  on  by  all  these,  and  especially  by  the  alcoliolie, 
acetic,  and  saline  liquids.  M.  Schcmfele  lias  repeated  these  exjieri- 
menta,  and  determined  the  amount  of  zinc  dissolved  in  filteen 
days  by  different  liquids  from  a  galvaniaed  iron  as  well  as  a 

■  Artificial  mcersolianm  iiijies  nxc  composed  of  zinc  white,  niajnciia  n.-t». 


t  Zinrck,  imlcetl,  found  in  a  litre  of  water  coetaiaed  in  a  zinc  cistern  n' 
Jess  thau  10104  t^nn.  of  zinc  (10-7  gr.iios  to  the  gallon),  nud  the  same  w.-vt.'t 
sbowed  only  0'074  ^rm,  ot  covwmovi  salt  to  the  litre  (5'I.SgraiDs  to  tljcga]loiii. 
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The  amount  found  was  as  follows  : — 


The  liquid  from 
the  zino  vessel, 
grms.  per  litre. 

The  liquid  from 

the  galyanised  iron 

Teasel, 

grms.  per  litre. 

Brandy, 

0-95 

0-70 

Wine, 

395 

410 

Orange-flower  water, . 

0-50 

0-75 

Vinegar, 

31-75 

60-75 

Fatty  soup,        .        .        .        . 

046 

1-00 

Weak  soup,        .        .         .         . 

0-86 

1-76 

Milk, 

513 

7-00 

Salt  water,         .         .        .         . 

1-75 

0-40 

Seltzer  water,     .         .        .         . 

0-35 

0-30 

Distilled  water, .         .        .        . 

traces. 

traces. 

Ordinary  water, . 

traces. 

traces. 

Olive  oi 


none. 


none. 


§  204.  Zinc  as  a  Poison* — Only  the  sulphate  and  the  chloride  of 
zinc  are  likely  to  act  as  poisons.  Large  quantities  of  the  oxide  can 
be  taken  without  a  fatal  result ;  for  Basse  saved  a  boy  who  had 
taken  3246  grains  as  a  remedy  for  epilepsy.t 

The  workmen  also  in  zinc  manufi^ctories  cover  themselves 
with  oxide  of  zinc  from  head  to  foot  without  any  very  apparent 
injury ;  but  that  this  dust  is  not  in  all  instances  innocuous,  is 
certain — e.g.^X  a  pharmacy  student  filled  a  laboratory  with  oxide 
of  zinc  vapour,  and  suffered  from  well-marked  and  even  serious 
poisonous  symptoms,  consisting  of  pain  in  the  head,  vomiting, 
salivation,  and  a  short  fever. § 

Sulphate  of  zinc  is  strongly  emetic,  and  acts  as  a  pure  irritant; 
the  fatal  dose  may  be  considered  as  about  an  ounce,  although 
recovery  has  taken  place  from  that  quantity. 

Cldoride  of  Zinc  is  a  powerfully  corrosive  and  irritant  poison, 
which  may  kill  by  its  primary  or  its  secondary  eflfects ;  the  latter 

*  Plants  grow  and  thiive  on  earth  holding  zinc  compounds,  and  absorb 
a  small  quantity  of  zinc  oxide  without  injury ;  the  greatest  portion  being 
found  in  the  leaves  and  stems,  the  smallest  in  the  seeds.  Solutions  of  salts 
of  zinc,  however,  act  injuriously  on  plant  life ;  a  solution  of  zinc  sulphate, 
even  in  the  strength  of  1 :  50,  soon  infiuoncing  the  growth  of  plants ;  out  if 
the  salt  be  filtered  through  earth,  the  result  is  decomposition,  and  the  zinc 
is  combined  in  a  form  insoluble  in  water.  In  the  neighbourhood  of  zinc 
manufactories  it  is  not  uncommon  for  vegetation  to  be  injured  by  sulphate 
of  zinc,  and  fowls,  &c.,  may  be  poisoned  by  feeding  on  ground  thus  con- 
taminated. 
'     Caspar's  Woclienschr,,  1837,  No.  19. 

t  Dr.  Marcet  states  that  one  of  his  patients  took  1  lb.  [453-6  grms.]  in 
a  month  for  epilepsy  without  apparent  injury. — Taylor's  *' Jurisprudence,"  L 

317. 

X  Kust's  Magaziny  xxi.,  Bd.  S.,  563. 

§  The  so-called  zinc  fever  has  only  been  noticed  in  the  founding  of  brass  ; 
it  is  always  preceded  by  well-marked  shivering,  the  other  s^rcv^VyKVi^  V>fc\xv'^ 
similar  to  those  described. 


452  A   MANDAL  OF  PRACTICAL  CHEMISTRY.  [§  205. 

lire  generally  marked  hy  nervons  symptoms.  Very  seriona 
illness  lias  followed  the  ingestiou  of  Burnett's  fluid  ia  quantity 
equal  to  12  grains  of  the  chlorida  Death  has  takeu  place  from 
about  100  grains  of  the  chloride,  and  recovery  after  200  grains,  A 
few  ycara  ago,  a  quack  applied  a  solution  of  chloride  of  zinc  to  tlio 
oancei'oua  breast  of  a  woman  in  Barnstaple  j  death  followed  with 
Hyiuptoms  of  poisoning,  and  zinc  was  found  in  the  lirer  and  other 
organs.  This  inatatice  proves  that  tho  exlernftl  application  of 
the  cliloride  may  induce  zinc  poisoning.  In  cases  of  external 
abnorption,  the  muscles  aud  bones  would  appear  to  be  the  beat 
tissues  to  osamino  chemically;  for  Matzkewitscb  iiiT(;stigat«d 
very  carefully  a  do^  |>oi8oned  by  100  pails  of  sine,  subcutamn^usly 
injected  in  the  form  of  acetate,  and  found  it  distrihatcd  ovur  thi- 
several  organs  of  the  body  in  tho  following  ratios: — Muscles  GO'S. 
bnnos  35-49,  stomach  and  inteBtinea  4-63,  akin  3(0,  pUw  of 
injection  2-19,  Uver  1-75,  langa  and  heart  1-68,  kidneys,  bladder, 
and  urine  1'14. 

§  205.  Detection  of  Zinc  in  Organic  Li^uidg  or  Solldg. — The 
only  certain  method  of  dtteetion  is  to  produce  the  sulphide  of 
zinc,  best  effected  by  saturating  a  neutral  or  feebly  acid  liquid 
with  hydric  sulphide.  If  an  organic  liquid  which  can  bo  easily 
filtered,  is  operated  upon,  it  may  be  strongly  acidulated  with 
acetic  acid,  and  at  once  treated  with  hydric  sulphide.  If,  liow- 
over,  zinc  is  sought  for  as  a  part  of  a  systematic  examination  (hs 
will  most  likely  be  the  case),  the  substance  will  have  been  treated 
with  hydrochloric  acid,  and  already  tested  for  arsenic,  antimony, 
lead,  ia,  iind  filtered  froiu  any  ])rccipitate.  In  such  a  case  tl]c 
hydrochloric  acid  must  tjrft  be  replaced  by  acetic,  which  is  ellecK-il 
by  adding  a  alight  uxces.s  of.sodic  acetate;  the  right  quantity  of  ti^■- 
latter  is  easily  known,  if  the  hydrochloric  acid  origiiiiilly  added  w;is 
carefully  measured,  and  its  specific  gravity  ascertaiueil ;  ;i'7i  ul' 
cryHtullisod  sodic  acetate  saturating  one  of  HCl(NaC.,H,Oo3H.A' 
+'HC1  =  NaCl  +  HC.HjOa  +  3H^0).  Lastly,  should  the'distilhiti."..i 
l>roces3  given  at  p.  301)  have  been  adopted,  the  contents  of  the 
retort  will  only  require  to  be  treated  with  water,  filtered,  and 
saturated  with  sulphurated  hydrogen.  In  any  of  the  above  cases, 
.should  a  white,  dirty-white,  or  lightish-coloured  precipitate  (which 
is  not  sulphur)  be  thrown  down,  zinc  may  be  suspected  ;  it  will, 
however,  bo  ab.solutidy  necessary  to  identify  the  sulphide,  for 
there  are  many  sources  of  error.  The  most  satisfactory  of  all 
idontifications  ia  tho  production  of  Einmau's  green.  The  su]i|his«'iI 
Kuljihldo  ia  dissolved  off  tho  filter  with  hot  nitric  acid,  a  drop  or 
iijoro  (according  to  the  i\uantity  of  the  original  precipitate)  ■<■ 
-voJiitioii  of  cobalt  lutvixta  i\4\ei,\\\ft  walation  precipitated  witli 
rarbomitc  of  soda  aiji  \>'Ji\^'i>ii  ^  c-*.^Ba.ai,-ewiv;vitaJi,-i4i:ide;  the 
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precipitate  is  then  collected  on  a  filter,  washed,  dried,  and  ignited 
in  a  platinum  dish.  If  zinc  be  present  in  so  small  a  proportion 
as  1  :  100,000  parts,  the  mass  will  be  permanently  green. 

Other  methods  of  procedure  are  as  follows : — 

The  supposed  zinc  sulphide  (after  being  well  washed)  is  col- 
lected in  a  porcelain  dish,  and  diRsolved  in  a  few  drops  of  sul- 
phuric acid,  filtered,  nitric  acid  added,  evaporated  to  dryness,  and 
heated  to  destroy  all  organic  matter.  When  cool,  the  mass  is 
treated  with  water  acidulated  by  sulphuric  acid,  and  again  filtered. 
The  solution  may  contain  iron  as  well  as  zinc;  and  if  the  former 
(on  testing  a  drop  with  ferrocyanide  of  potash)  ap})e&r8  in  any 
quantity,  it  must  be  separated  by  the  addition  of  ammonia  in 
excess.  To  the  ammoniacal  filtrate  carbonate  of  soda  is  added  in 
excess,  the  liquid  well  boiled,  and  the  precipitate  collected  on  a 
filter  and  washed.  The  carbonate  of  zinc  thus  obtained  is  con- 
verted into  the  oxide  by  ignition,  and  weighed.  If  oxide  of  zinc, 
it  will  be  yellow  when  hot,  white  when  cold ;  it  will  dissolve  in 
acetic  acid,  and  give  a  white  precipitate  with  sulphuretted  hydro- 
gen ;  and  finally,  if  heated  on  charcoal  in  the  oxidising  flame,  and 
moistened  with  cobalt  nitrate  solution,  a  green  colour  will  result. 

Zinc  may  also  be  separated  from  liquids  by  electrolysis ;  the 
simplest  way  is  to  place  the  fluid  under  examinatiou  in  a  plati- 
num dish  of  sufficient  size,  acidify,  and  insert  a  piece  of  mag- 
nesium tape — the  metallic  film  so  obtained  may  be  dissolved  in 
hydrochloric  acid,  and  the  usual  tests  applied. 


(IV).  ALKALINE  EARTHS. 


BARIUM. 

§  206.  The  soluble  salts  of  barium  are  undoubtedly  poisonous, 
and  are  of  frequent  occurrence  in  the  arts.  The  chloride  of  barium 
is  used  in  the  staining  of  wool ;  the  nitrate  and  the  chlorate,  in  the 
green  fires  of  the  pyrotechnist ;  the  oxide  and  the  carbonate  in 
the  manufacture  of  glass ;  the  chromate  of  baryta  is  used  by  artists 
under  the  name  of  "yellow  ultramaiine ;"  while  the  sulphate 
(technically  known  as  "  permanent  white")  is,  on  account  of  its 
weight  and  cheapness,  occasionally  used  as  an  adulterant  of  white 
powders  and  other  substances.* 

*  The  carbonate  and  sulphate  of  baryta  are  nsnally  eoumerated  as  occa.- 
nanal  adulterants  of  bread.     There  is,  however,  no  mo^erii  «\k\\i<c^\I\^\s^\Asxt:^ 
of  this ;  and  the  occumence  ia  doubtful,  though  not  i[ni^oaisi\A&. 
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'  §  207.    Chtwidt     of    Barium,    BaCl,H,0 

208 +  3G;    anhydrous,  Ba    G5-86   per   cent., 

'  CI  3414;  ^ecifio  gravity,  3-75 — ia  in  com- 
merce in  the  form  of  white,  fonr-Gided,  tabular 

^  crystals;  water  dissolves  about  half  its  weight 
at  ordinary  temperatures,  thrce-fourtba  at 
lOO^C.     Ite  eolutioa  gives  a  w)iit«  predpi- 

I'  tate  with  sulphuric  acid,  quite  insoliihle  in 
water  aii<l  nitiic  acid. 

^1  The  salt  imparts  a  green  hue  to  an  other- 
wise eolourlesB  llame ;  viewed  by  the  spectre- 
i^cope,  green  bonds  wUl  be  visible.     We  may 

"  note  that  chloride  of  barium  gives  two  differ- 
ent spectra,  the  one  at  the  moment  of  the 

,0  introducliau  of  the  salt,  the  other  when  tlic 
substance  has  been  exposed  for  some  time  to 
n  hii:h  temperature.      This  ig  caosed  by  a 

^  rapid  loss  of  chlorine,  ao  that  the  first  spectrum 
ia  due  to  UaCU,  with  a,  v.-iriaUe  mixture-  uf 

lu  3iaCI,  the  Kt-couU  tu  UuCl  aloue.  The  acoum- 
panying  diagram  ri'presents  the  jihononienoD 
luoist  usually  seen,  vii.,  the  flame  after  cx- 

'"    ]>osure  for  some  seconds.* 

5    20S.     Baric     Carbotuite, 

uo  specific  gravity,  4-3 ;  BaO  'i 
C(Jj  22-31 — in  its  native 
M'itfwrite,  is  a  dense  hea\y  poi 

'"    in  pure  water,  but  diasoUiug  ii 

nud  hydrochloric  acids    tli     solution  givir 

(B    tlic  reactions  of  bariuiu 

A  rat-poison  may  be  met  ^Mth  composed  of 
baric  carbonate,  sugar,  and  untmeil  flavoured 
with  a  little  oil  of  aniseel  and  ctrawa^ 

§  209.  Sulphate  of  Banum,  l^a.bO^ ,  specific 

(w  gravity,  459  ;  EaO  0500  per  cent,  SO,  34-34 
per  cent,,  is  o  pure  white  [wwder  when  re- 
cently  ])recipitated,  absolutely  insoluble  in 
water,  and  pructieally  insoluble  iu  cold  dilulf 
acids.     It  is  quite  unalterable  in  tbe  air  at  n 

'2C  red  heat;  on  ignition  witii  charcoal  it  may  be 
com'erted  almost  entirely  into  sulphide  ('f 
bnriiim ;  and  by  ignition  with  CaCI,,  intu 
chloride. 


BaCO,=  197; 
7 -09  per  cent- 
form  termeil 
insoluble 
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§  210.  DoaCy  (fee. — Chloride  of  barium  is  occasionally  prescribed 
in  doses  not  exceeding  2  grains  (-1296  grm.);  to  horses  as 
much  as  60  grains  have  been  given ;  and  a  case  is  on  record  of  a 
person  having  been  killed  by  100  grains.  The  carbonate  of 
baryta  has  poisoned  a  person  who  took  only  60  grains  (3*888 
grms.),  and  about  12  grains  (-7776  grm.)  are  sufficient  to  kill  a 
dog.  Hence  it  may  be  inferred,  that  from  6  to  7  grains  ('386  to 
'4536  grm.)  of  either  the  carbonate  or  the  chloride  would  pro- 
bably produce  poisonous,  although  not  necessarily  fatal,  symp- 
toms. 

§  211.  The  SeparcUian  of  Barium  Salts  from  Organic  Solids  or 
Fluids,  and  their  Identification. — In  the  usual  course  of  examina- 
tion of  an  unknown  substance,  the  matter  will  already  have  been 
extracted  by  hydrochloric  acid,  and  the  solution  successively 
treated  with  hydric  and  ammonic  sulphides.  The  filtrate  from 
any  precipitate,  after  being  boiled,  would  in  such  a  case  give  a 
precipitate  if  treated  with  sulphuric  acid,  should  a  salt  of  barium 
be  present. 

If  there,  however,  should  be  special  grounds  to  search  for 
baryta  in  particular,  it  is  best  to  extract  the  substances  with 
pure  boiling  water,  to  concentrate  the  solution,,  and  then  add 
sulphuric  acid,  collecting  any  precipitate  which  may  form.  If 
the  latter  is  found  to  be  sulphate  of  baryta,  it  must  be  derived 
from  some  soluble  salt,  such  as  the  nitrate  or  the  chloride. 
The  substances  which  have  been  exhausted  with  water  are 
now  treated  with  hydrochloric  acid,  and  to  the  acid  filtrate 
sulphuric  acid  is  added.  If  sulphate  of  baryta  is  thrown  down, 
the  baryta  present  must  have  been  a  salt  insoluble  in  water, 
soluble  in  aciils — probably  the  carbonate.  Lastly,  the  organic 
substances  may  be  burnt  to  an  ash,  the  ash  fused  with  carbonate 
of  soda,  the  mass,  when  cool,  dissolved  in  HCl,  and  the  solution 
precipitated  with  sulphuric  acid.  Any  baryta  now  obtained  was 
present,  probably,  in  the  form  of  sulphate;  nevertheless,  if 
obtained  from  the  tissues,  it  would  prove  that  a  soluble  salt  had 
been  administered,  for  (so  far  as  is  known)  sulphate  of  barium  is 
not  taken  up  by  the  animal  fluids,  and  is  innocuous. 

The  sulphate  of  barium  is  identified  as  follows: — 

(1.)  A  part  of  the  well -washed  precipitate  is  boiled  with  dis- 
tilled water,  filtered,  and  to  the  filtrate  a  solution  of  chloride  of 
barium  added.  If  there  is  no  precipitate,  the  sulphate  can  be 
none  other  than  baric  sulphate,  for  all  the  rest,  without  excep- 
tion, are  soluble  enough  to  give  a  slight  cloud  with  baric 
chloride. 

(2.)  The  sulphate  may  be  changed  into  sulphide  by  ignition,  ovl 
charcoal,  the  sulphide  treated  with  HCl,  tW  v^cAwXaotl  ^n^-^^t^^^ 
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It  is  stated  is  the  cbapti 
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Amync  alcohol— Detection  of^  134. 
Analysis  of  poisons— General  method 

of  procedure,  242. 
Angelic  acid,  205. 
Angelica  root,  205. 
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Duprd  s  method  of  detecting  foreign 

colouring-  matters 
in  wine,  189. 
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Ipecacuanha  and  morphia  lozenges, 
293. 
, ,  — Compound  powder  of, 

293. 
Iron,  242. 

,,    filings  in  tea,  94. 
Irritant  poisons,  242. 
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Lead  plaster,  413. 
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From  the  Author's  Phefatory  Address. 
"Without  entciingupon  that  difficult  ground  which  conect  piafessiaiul 
knowledge,  and  edacatcd  judgmeni,  con  alone  permit  to  be  safely  trodden, 
thece  is  a  wide  and  extensive  fielil  for  exertioo,  and  ityt  UKfuIneti,  open  10 

the  unprofessionni,  inthekindlvofirceEofa  in**  DOMESTIC  MEDICINE, 
Ihe  timely  help  and  solace  of  a  simple  HOUSEHOLD  SUHGEKV,  or  l^etier 
stEll,  in  the  watchful  care  more  generally  known  aB  "  SANITARY  PRECAU- 
TION,"  which  tends  rather  to  presetA-e  health  than  to  cure  disease.  "The 
touch  of  a  getille  hand  "  will  not  be  less  gentle  because  guided  by  know- 
ledge, nor  will  the  safe  domestic  remedies  be  less  aniiously  or  cirefully  ad- 
ministered. Life  may  be  saved,  suifering  may  always  be  alleviated.  Ei-en 
(o  (he  resident  In  the  midst  of  civilization,  the  "KNOWLEDGE  IS 
POWER"  to  do  good;  to  the  settler  and  (he  eraigtanlit  is  INVALUABLE. 
I  know  well  what  is  said  by  a  few,  about  injuring  the  medical  prolession, 
by  making  the  public  Iheir  own  doctors.  Nothing  will  be  so  likely  to  make 
"long  cases"  as  for  the  public  to  attempt  any  such  folly;  but  people  of 
moderate  means — who,  so  far  as  medical  attendance  is  concerned,  are  worse 
off  than  the  pauper— will  not  call  in  and  fee  their  medical  adviser  for  every 
slight  matter,  and,  in  the  absence  of  a  little  knowledge,  triii  have  recourse 
[o  the  prescribing  druggist,  or  to  the  patent  quackery  which  flourishes  upon 
ignorance,  and  Lpon  the  mystery  with  which  some  would  invest  their  calling. 
And  not  pateni  quackery  alone,  but  professional  quackery  also,  is  less  likely 
lo  find  footing  under  the  roof  of  the  intelligent  man,  who,  lo  common  sense 
and  judgment,  adds  a  little  knowledge  of  the  whys  and  wherefore:;  of  the 
treatment  of  himself  and  family.  Against  that  knowledge  which  might  aid 
a  sufferer  from  accident,  or  in  the  emergency  of  sudden  illness,  no  humane 
man  could  offer  or  receive  an  objeclion." 
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Edition. 


\*  The  object  of  the  Classivibd  Biblk  is  tomtwartt  the  eatire  Seriptares  under 
certain  distinct  and  exhaustive  Head»or  'i'Bpica  ft  diflera  from  an  ordhinj  Concorc!- 
ance  in  that  its  arrangement  depends  not  on  wonfo,  but  on  subjects.  The  Reader 
will  find,  under  Forty-two  different  Sections,  what  the  Bible  says  in  rtrtation  to 
Doctrine,  Ethics,  Antiquities,  Stc.  The  Verses  being  printed  in  full,  reierence  and 
comparison  are  greatly  facilitated. 

"  We  have  only  to  add  our  unqnaiified  commendation  of  a  work  of  real  excellence 
to  every  Biblical  atudent." — Christian  Times. 

IV.  EADIE  (Rev. Prof.):  ECCLESIASTICALCY- 

CLOP/EDIA  (The) ;  A  Dictionary  of  Christian  Antiquities,  SectF, 
Denominations,  and  Heresies  ;  History  of  Dogmas,  Rites,  Sacraments, 
Ceremonies,  &c.,  Liturgies,  Creeds,  Confessions,  Monastic  and  Religiois 
Orders,  Modern  Judaism,  &c.  By  the  Rev.  Prof.  Eadie,  assisted  by 
the  Rev.  Dr.  Hariwell  HoRNE,Ven.  Archdeacon  HALE,Prof.  McCaul, 
and  other  contributors.  Post  8vo.  Cloth  bevelled,  8/6;  morocco 
antique,  17/6.     Sixth  Edition. 

"  Our  readers  will  n  't  need  to  be  told  that  this  is  a  *  com^^^vwvwt^"*  '«'«t>«.HVcA'*^ 
mav  add  that  it  is  one  which  will  be  fv»\ind  uhcIuY  w\d  cownt\vv«nx  \a  v\%x^^  xvsi.xfiiat.v  «x 
both  clergy  and  ltdty."^English  Churchman. 


6  CHARLES  GRIFFIN  S-  COMPANY'S 

Rev.  Prof.  Eadie's  Works — (confimiirf). 

V.  EADIE   {Rev.  Prof.):   A  DICTIONARY  0F1 

THE  HOLY  BIBLE;  designed  chiefly  for  the  Use  of  Young  Pereons. 
From  ihe  larger  work  by  Prof.  Eadib.  Wilh  Map  and  numerous  IHuB- 
trations.  Small  6vo.  Cloth,  z/6;  morocco,  gilt  edges,  7/6.  Sevmlernth 
Editiun. 


VI.  EADIE  (Rev.  Prof.):  A  COMMENTARY  ON 

THE  GREEK  TEXT  OF  THE  EPISTLE  OF  ST.  PAUL  TO 
THE  EPHESIANS.  Revised  throughout  and  enlarged.  Demy  Svo. 
Cloth,  14/      Sftond  EdilioK. 

"This  book  ll  one  of  tUDdlgidui  IcaminR  ilnil  icinich.     The  aulhor  i;nr>  ID  hsTB 
.if  independent  ctilkiiai,  ud  eutt  laudi  neo  light  upon  ra.nj  puug«."— r   " 


I 


HENRY  (Matthew)  :     A  COMMENTARY  on  the 

HOLY  BIBLE.  With  Explanatory  Notes.  In  3  voU.,  suptr-royal 
8vo.     Strongly  bound  in  cloth,  50/.    N^u  Edition. 

HERBERT     (George)  :       THE       POETICAL 

WORKS  OF.  With  Memoir  by  J.  Nzchol,  B.A.,  Oxon,  Professor  of 
English  Literature  in  the  University  of  Glasgow.  Edited  by  Charles 
CowDGN  Clarke.  Aniiqui  headings  to  each  page.  Small  8vo. 
Cloth  and  gold,  3/- ;  morocco  antique,  8/- ;  malachite,  10/6. 

KEBLE  and  HERBERT:    THE  CHRISTIAN 

YEAR,  by  John  Keble,  with  Memoir  of  the  Author  by  W.  Temple  ; 
and  THE  TEMPLE,  by  Georoe  Heheebt,  with  Memoii  by  Prof. 
NicHOL.     In  one  vol.,  8vo,  illustrated,  cloth  and  gold,  7/6. 

KITTOQohn,  D.D.,F.S.A.,):  TheHOLYLAND: 

The  Mountains,  Valleys  and  Riversof  the  Holy  Land;  being  the  Physical 
Geography  of  Palestine.  With  eight  full-page  Illustrations.  Fcap.  Svo. 
Cloth,  2/6.     Tinlh  Thousand.    New  Edition. 

KITTO    Qohn,   D.D.,    F.S.A.)  :       PICTORIAL 

SUNDAY  BOOK(The).  Containing  nearly  two  thousand  Illustrationa 
on  Steel  and  Wood,  and  a  Scries  of  Maps.  I'olio.  Cloth  gilt.  30/. 
Stventy-ihiTd  T/iouiand. 


RELIGIOUS  PUBLICATIONS. 


PALEY  (Archdeacon):  NATURAL  THEOLOGY; 

Or,  the  Evidences  of  the  Existence  and  the  Attributes  of  the  Deity. 

With  Illustrative  Notes  and  Dissertations,  by  Henry,  Lord  Brougham, 

and  Sir  Charles  Bell.   Many  Engravings.    One  vol.,  i6mo.    Cloth,  4/- 

"  When  Lord  Brougham's  eloquence  in  the  Senate  shall  have  passed  away,  and  his 
services  as  a  statesman  shall  exist  only  in  the  free  institutions  which  they  have  helped 
to  secure,  his  discourse  on  Natural  Theologv  will  continue  to  inculcate  imperishable 
truths,  and  fit  the  mind  for  the  higher  revelations  which  these  truths  are  destined  to 
foreshadow  and  confirm. — Edinbtn^  Review, 

PALEY(Archdeacon):  NATURAL  THEOLOGY, 

with  Lord  Brougham's  Notes  and  DIALOGUES  ON  INSTINCT. 
Many  Illustrations.    Three  vols.,  i6mo.    Cloth,  7/6. 

•»•  This  Edition  contains  the  whole  of  the  Original  Work,  published 
at  Two  Guineas,  with  the  exception  of  the  Mathematical  Dissertations, 


RAGG  (Rev.  Thomas) :  CREATION'S  TESTI- 

MONY  TO  ITS  GOD :  the  Accordance  of  Science,  Philosophy,  and 
Revelation.  A  Manual  of  the  Evidences  of  Natural  and  Revealed  Re- 
lieion ;  with  especial  reference  to  the  Progress  of  Science  and  Advance 
of  Knowledge.  Revised  and  enlarged,  with  new  Appendices  on  Evolu- 
tion  and  the  Conservation  of  Energy,  Large  crown  8vo.  Handsome 
cloth,  bevelled  boards,  5/-     Thirteenth  Edition. 

"  We  are  not  a  little  pleased  again  to  meet  with  the  author  of  this  volume  in  the 
new  edition  of  his  far-tamed  work.  Mr.  Ragg  is  one  of  the  few  original  writers  of  oar 
time  to  whom  justice  is  heing  done.**— Bn<is/i  Standard, 

[This  work  has  been  pronounced  "The  book  of  .the  age/*  "The  best  popular  Text 
Book  of  the  Sciences,"  and  "  The  only  complete  Mantial  of  Religious  Evidence  Na- 
tural and  Revealed."] 

RELIGIONS  OF  THE  WORLD  (The) :     Being 

Confessions  of  Faith  contributed  by  eminent  Members  of  everv  Denom- 
ination of  Christians,  also  of  Mahometanism,  the  Parsee  Religion,  the 
Hindoo  Religion,  Mormonism,  &c.,&c.,  with  a  Harmony  of  the  Christian 
Confessions  of  Faith  by  a  Member  of  the  Evangelical  Alliance.  Crown 
8vo.  Cloth  bevelled,  3/6.    New  Edition. 

*^*  In  this  volume,  each  denomination,  through  some  leading  member,  has  expressed 
its  own  opinions.  There  is  no  book  in  the  language  on  the  same  plan.  All  other 
works  on  the  subject,  being  written  by  one  individual,  are  necessarily  one-sidec , 
incomplete,  and  unauthentic 

SCOTT  (Rev.  Thomas) :  A  COMMENTARY  ON 

THE  BIBLE ;  containing  the  Old  and  New  Testaments  according  to 
the  Authorised  Version,  with  Practical  Observations,  copious  Mar^n&l 
References,  Indices,  &c.   In  3  vols.,  royal  410.  Cloth,  63/-  New  Edition, 

TIMES    (John,  F.S.A.,  Author  of  "Things  not 

Generally  Known,**  &c.) : 

THOUGHTS  FOR  TIMES  &  SEASONS.  Selected  and  compiled 
by  John  Timbs.      Fcap.  8vo.      Cloth  neat,  !/•    Second  Edition. 

"  In  a  neat  and  concise  form  are  brought  together  striking  and  bf  autiful  passa|;es 
from  the  works  of  the  most  eminent  divines  and  moralists,  and  political  and  scientific 
writers  of  acknowledged  ability.** — Edinburgh  Daily  Review, 
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The  SCIENCE  and  PR 

In  1  voli..  demy  Bvo,  cloth,  ' 
loo  Woodcuti.  Prke  38/-  > 
tHlargtd. 

From  the  unoani  of  additional  mi 
Sixlh  Edition  an,  in  reality,  cqv 
having  been  cast  lo  enable  tm 
adding  to  Ihe  bulk  of  ihe  work. 

The  Author  hai  adopted  throughi 
lowed  Ihe  Order  or  Classifh 
RovAL  College  of  PHysiciAH: 
of  the  topical  range*  of  body-lev 
were  given  in  Ihe  ihird  edition 
in  a  Tent-book),  have  been,  with 
a  new  modcL 

Additional  WouDCUTS  have  a1>o  be 
that  they  would  render  the  deici 

In  (hort,  no  labour  or  expenae  ba* ; 
reputation  of  thi*  Work,  tu  "th 
Science  and  Practice  of  ihe  day. 

OptniOM  0: 


SCIENTIFIC  PUBLICATIOirS. 


Prop.  Aitxbm's  Works— (con<iN««f.) 

AITKEN  (William,  M.D.,  F.R.S.) :     OUTLINES 

OF  THE  SCIENCE  AND  PRACTICE  OF  MEDICINE.    A  Text- 
Book  for  Students.    Crown  8vo.    Cloth,  bcfveUed,  ii/O. 

"  So  compl«te  as  to  form  a  vieful  woHc  ot  reference.  Tlie  natural  history  of  the 
principal  diseasea,  the  diagnostic  signs  by  which  they  mfty  be  dlstin^lshsditogether 
with  the  therapeutic  indications,  are  concisely  and  systematically  fivtiu  Tho  book 
cannot  fail  to  become  a  popular  one,  and  we  cordially  recommend  it  to  the  notice  of 
teachers  and  students." — Lancwt! 

"  Well-digested,  clear,  and  well-written*  the  work  of  a  man  conversant  with  every 
detail  of  his  subject,  and  a  thorough  master  of  the  art  of  tmtMng.-^BriHik  Medicdl 
Journal. 

"  Students  prefwring  for  ezaminatioos  will  hail  it  at  a  perfisct  godaend  fdr  its  con- 
ciseness."— A  f  ksMTwrn. 

*'  In  respect  of  both  the  matter  contained,  and  the  manner  in  whidi  it  is  conveyed, 

our  examination  has  convinced  us  that  nothing  could  be  better We  know  of  no 

summary  of  the  use  of  Electric!^  as  a  means  of  diaasioais  eqn«l  to  that  contained 
in  the  Section  on  Diseases  of  the  Nervous  System."— Mriwo-Cli<rM»fic«^  Rwoiew. 

AITKEN (William,M.D.,F.R.S.):  The  GROWTH 

OF  THE  RECRUIT,  and  the    Youn^  Soldier,  with  a  view  to  the 

Selection  of  **  Growing  Lads  *'  and  their  Training.    Sscond  Edition  in 

prei>aration, 

"  This  little  work  sbonld  be  in  the  haadt  of  all  iMtmctora  ol  yo«th,  and  all  em- 
ployers of  youthful  \tAtoxix,**— Lancet. 

AITKEN  (William,  .M.D,  F.R.S.) :     OUTLINE 

FIGURES   OF   THE   TRUNK   OF   THE   HUMAN    BODYi    On 

which  to  indicate  the  areas  of  physical  signs  in  the  Clinical  Diagoosis 
uf  Disease.    For  the  use  of  Students  and  Practitioners  of  Medicine,  x/6. 


ANSTED   (Prof.,  M.A.,  F.R.S.):     GEOLOGY: 

A  TREATISE  ON.     (Circle  of  the  Sciences).    Crown  8vo.    Cloth,  2/6. 

ANSTED    (Prof.,   M.A.,  F.R.S.)  :     NATURAL 

HISTORY  OF  THE  INANIMATE  CREATION,  recorded  in  the 
Structure  of  the  Earth,  the  Plants  of  the  Field,  and  the  Atmo8p^eric 
Phenomena.  With  numerous  Illustrations.   Large  poet  8vo.    CUth^8/6. 

BAIRD  (W.,  M.D.,  F.L.S.,  late  of  the  British 

Museum) : 

THE  STUDENT'S  NATURAL  HISTORY;  a  Dictionary  of  the  Na- 
tiiral  Sciences  :  Botany,  Conchology,  Entomology, Geology,  Mifitoralec:yt 
Palaeontology,  and  Zoology.  With  a  Zoological  Chart,  showing 
t!ie  Distribution  and  Range  of  Animal  Life,  and  over  two  hundred 
and  fifty  Illustrations.     Demy  8vo.    Cloth  gilt,  10/6. 

"  The  work  is  a  very  useful  one,  and  will  contribute,  by  its  cheapneas  and  compfCT- 
hensiveness,  to  foster  the  extending  taste  for  Natural  Scit.xict.'*-^Weitmimttr  Revintf. 


CHARLES  GRIFFIN  «•  COMPANY'S 


NEW     AND     IMPORTANT    WORK. 

\.  DICTIONARY  OF  HYGliNE  AND  PUB- 
LIC HliALTH.  llv  Alexander  Wvntbr  Blvth,  M.R.C.S..  F.C.S.. 
elc.  Analyst  fur  the  County  of  Devon,  and  Medical  Officer  ol  Health 
for  llie  NiiTth  Devon  ComblnaliLin  of  Sanilary  Authorities.  Medium 
Hva,  by!  pp.,  cloth  bevtUeil,  with  Map,  Diagram,  and  140  Illustrations, 

GENERAL    CONTENTS. 
The    Work    comprises  over   Seven  Hundred  Articles,  embiacins  the 


— S^MTARV  Engineerino;  Sewage,  Drainage,  Storage  of 
Waler,  Venlilation,  Warming,  etc. 

1.  — Sasitahv  Lecislatiom:  the  whole  of  the  PUBLIC 
HEALTH  ACT.  1S75,  together  with  sections  and  p<ntions  of 
other  Sanitary  Statutes,  (without  alteration  or  abridgment, 
save  in  A  few  unimportant  instances)  in  a  form  admitting  of 

. — Epjuemic  and  Epizootic  Diseases  :  their  History  and  Pro- 

pag.ition,  with  (he  Measures  for  Disinfection. 
—Hygiene — Mimtary,  Naval,  Private,  Public,  School. 


SCIENTIFIC  PUBLICATIONS.  ix 

THE    CIRCLE    OF   THE  SCIENCES: 

A     SERIES     OF     POPULAR    TREATISES 

ON    THE    NATURAL    AND    PHYSICAL    SCIENCES, 

And  their  Applications. 

BY 

Professors  Owen,  Ansted,  Younq  and  Tennant  ;  Drs.  Latham,  Edward 

Smith,  Scoffern,  Bushnan  and  Bronner;  Messrs.  Mitchell^Twisdbn, 

Dallas,  Gore,  Imray,  Martin,  Sparling,  and  others. 

Complete  in  nine  volumes,  illustrated  with  many  thousand  EngravingB  oa 
Wood.     Crown  8vo.    Cloth  lettered.    5/-  each  volume. 


Vol.  I.— ORGANIC  NATURE.— Part  I.  Animal  and  Vegetable  Phyw- 
ology ;  the  Skeleton  and  the  Teeth ;  Varieties  of  the  Human  Race, 
by  Professor  Owen,  Dr.  Latham,  and  Dr.  Bushnan. 

Vol.  2.— ORGANIC  NATURE.— Part  II.  Structural  and  Systematic 
Botany,  and  Natural  History  of  the  Animal  Kingdom,  Invertebrated 
Animals :  by  Dr.  Edward  Smith  and  William  S.  Dallas,  F.L.S. 

Vol.  3.— organic  NATURE.— Part  III.  Natural  History  of  the 
Animal  Kingdom,  Vertebrated  Animals :  by  William  S.  Dallas, 
F.L.S. 

Vol.  4.— inorganic  NATURE.— Geology  and  Physical   Qeography 
Crystallography ;  Mineralogy ;  Meteorology,  and  Atmospheric  Pheno- 
mena, by   Professor   Ansted,  Rev.  W.  Mitchell,  M.A.,  Professor 
Tennant,  and  Dr.  Scoffern. 

Vol.  3.— practical  ASTRONOMY,  NAVIGATION,  AND  NAU- 
TiCAL  ASTRONOMY,  by.  Hugh  Breem,  Greenwich  Observatoiy, 
Professor  Young,  and  E.  J.  Lowe,  F.R.A.S. 

Vol.  6.— ELEMENTARY  CHEMISTRY.—The  Imponderable  AgenU 
and  Inorganic  Bodies,  by  John  Scoffbrn,  M.D. 

Vol.  7.— practical  CHEMISTRY.— Monographs!  on  Electio-Metal- 
lurgy;  the  Photographic  Art;  Chemistry  of  Food  and  its  Adultera- 
tions; and  Artificial  Light;  by  George  Gore,  Birmingham,  John 
Scoffern,  M.D.,  Dr.  Edward  Bronner,  Bradford,  Marcus  Sparling, 
and  John  Martin. 

Vol.  8.— mathematical  SCIENCE.— Philosophy  of  Arithmetic; 
Algebra  and  its  Solutions ;  Plane  Geometry ;  Logarithms ;  Plane  and 
Spherical  Trigonometry;  Mensuration  and  Practical  Geometry,  with 
use  of  Instruments,  by  Prof.  Young,  Rev.  J.  F.  Twisden,  MJ^.,  Sand- 
hurst College,  and  Alexander  Jardine,  C.E. 

Vol.  9.— MECHANICAL  PHILOSOPHY.— The  Properties  of  Matter, 
Elementary  Statics;  Dynamics;  Hydrostatics;  Hydrodynamics;  Pneu- 
matics; Practical  Mechanics;  and  the  Steam  Engine,  by  the  Rev. 
Walter  Mitchell,  M.A.,  J.  R.  Young,  and  ]oiih  Vwl^9JCi% 


I.  Ansted's  Geology  and  I 
a.  Brkem's  Practical  Abuo 

3.  BKoNKBKandScorPMN': 

4.  Bushn&h's  Phytiology  o 

5.  Gore's  Theory  and  Prac 

6.  Ikrat's  Pncdcal  Ifcdu 

7.  Jabdihb'b  Practical  Oeot 

8.  Latham's  VarieticioTdi' 
«.  UrrcHBLL  ft  TsMNAirrte 

ID.  UiTCHSi.L'iPm[icitiMd 
tl.  OwBM'a  Principal  Fonna 

13.  Scopfkrn'b  Chemiitiy  of 
13-  Scoffbbn's  Cbemiiliy  oi 

14.  ScovrEMi's  ChemiBtiy  of 

15.  ScorriKN  and  Lowe's  Pt 
i£.  Smith's  latroductioQ  to  B 
vj.  Twriaoui'fl  Plane  and  Spl 
18.  TwisDEN  on  Logaritfamt. 

■tf.  YvvHo's  Elcmenu  of  Al( 
30.  YouMO's  Solutions  of  Que 
II.  YouHO's  Navigation  and  1 
■a.  Vouho'e  Plane  GeometTV 


SCIENTIFIC  PUBLICATIONS.  ij. 

DOUGLAS'S  TELEGRAPH  CONSTRUCTION. 

Published  with  the  Approval  of  the  Director-General  of  Telegraphs  in  India, 

A  MANUAL  OF  TELEGRAPH  CONSTRUC- 

TION :  The  Mechanical  Elements  of  Electric  Telegraph  Engineering. 
For  the  use  of  Telegraph  Engineers  and  others.  By  John  Christie 
DouoLAS,  Society  of  Telegraphic  Engineers,  East  India  Government 
Telegraph  Department^  &c.  With  numerous  Diagrams.  Crown  8vo. 
Cloth,  bevelled,  15/-  Second  Edition,  with  Apfindicfs  and  Copious 
Index t  now  ready, 

GENERAL    CONTENTS. 
Part  I. — General    Principles    op    Strength    and 

Stability,  comprising  the  Strength  of  Materials;  the  Dis- 
tribution of  Load  and  Stress  in  Telegraph  Structures,  such  as 
Poles — simple,  strutted,  tied,  stayed,  coupled,  and  trussed; 
the  Catenary,  with  application  of  its  Formulae  to  the  cases 
of  Wires  and  Cables;  Theory  of  the  Submersion  of 
Cables,  &c. 

Part  II. — Properties  and  Applications  of  Mate- 
rials, Operations,  and  Manipulation,  including  the  Prin- 
ciples and  Practice  of,  and  Numerical  Data  for,  designing 
Simple  Structures,  such  as  Poles  of  Iron  and  Wood ;  Iron  and 
Wooden  Masts — simple  and  compeimd;  Specifications  for 
Wire,  &c.;  Soldering;  Surveying;  the  Raieing  of  Heavy 
Masts;  Insulating  Materials  and  their  Applications,  &c. 

Part  III. — Telegraph  Construction,  Maintenance 

AND  Organisation,  treating;  of  the  Application  of  the  In- 
formation conveyed  in  Parts  I  and  II.  to  the  case  of  Combined 
Structures,  including  the  Construction  of  Overground,  Subter- 
ranean, and  Subaqueous  Lines  ;  Office  Fittings ;  Estimating; 
Organisation,  &c. 

"  Mr.  Douglas  deserves  the  thanks  of  Telegraphic  Engineers  for  the  excelltat 

'  Manual '  now  before  us    ....    be  has  ably  supplied  aa  exiating  want 

the  subject  is  treated  with  great  clearness  and  judgiaent  ....  good  practical 
information  given  in  a  clear,  terse  9ltj\^*^^Bngineerinp 

"Mr.  Douglas's  work  is,  w«  believe,  the  first  of  ita  kind.    .    .    .    The  author  is 

evidently  a  practical  Telegraphic  Engineer The  aqNmnt  of  inforttiatiOB 

given  is  such  as  to  render  this  volume  a  most  useful  guide  to  any  one  wha  may  bb 
engaged  in  any  branch  of  Electric-Telegraph  Engiaeeriag^**— 'ittiUiliMMM. 

"  The  book  is  calculated  to  be  of  great  service  to  Telegraphic  Engineers.    .    .    . 
the  arrangement  is  so  judicious  that  witb  the  aid  of  the  full  table  of  conteata,  reference 
to  any  special  point  shouM  be  eaay.*'— /roik 


GRIFFIN  (John  Joseph,  F.R.S.)  : 

CHEMICAL  RECREATIONS:  A  Popular  Manual  of  Experi- 
mental Chemistry.  With  540  Engravings  of  Apparatus.  Crown  410. 
Cloth.     Tenth  Edition, 

Part  I.    Elementary  Chemistry,  price  a/- 

Part  II.  The  Cbenifistry  of  the  Non-Metallic  ElenMiit%  tncluding  a 
Comprehensive  Courte  of  Class  ExperitnetttB,  prke  7o/6» 
Or,  complete  in  oim^vohuno^  clotb,  |g||i  io^  viJijl^ 
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CHARLES  GRIFFIN  &■  COMPANY'S 


LEAKED  (Arthur,  M.D.,  F.R.C.P.,  Senior  Phy- 

Hician    to  the  Great  Nonhcrn  Hospital);  ' 

IMPERFECT  DIGESTION;  Its  Causes  and Trealraeot.     PoMSto.   ^ 

Clijtl],4/6.    Sixlh  Edition. 


Hi*  Qiartrrly  Jsiin 


iotUiiicatSeiKut. 


MOFFITT   (Staff- Assistant-Surgeon    A.,    of  the 

Kaval  Victoria  Hospital,  Nelley)  : 

A    MANUAL   OF    INSTRUCTION    FOR   ATTENDANTS    ON    , 
THE    SICK   AND   WOUNDED    IN    WAR.      Publiihtd  undir  iki 
saiiclioH  of  tkt  NtttinHat  Society  for  Aid  U>  tht  Sick  and  Woumdid  la 
War.    With  numeroUB  lUuBtraiiona.     Pmi  8vo.    Cloth,  s/- 

tr  m  ciplldl  chapter  on  tbc 


lQn>yDflhcH«m.nl3Ddy,dirrr 

iMl^on'j."— pUSilie  Opinion. 

A  *dl-tilltn  volume.    T«hn. 

•lUn 

euiEe)i«b«ni> 

Ficfd  HoipUal  Equipment  of  the 

h  Army-'—Slan 

NAPIER  (James,  F.R.S.E.,  F.C.S.): 

A   MANUAL   OF   ELECTRO-METALLURGY.     \ 
Illustrations.     Crown   8vo,  cloth,   7/6.      Fifth   Edilim 

GENERAL     CONTENTS. 
l—HisTDRV  of  the  Akt.  VL-DBPOsnioK  of  J 


hfd  amhoriiy  on  Eln 


"The  Fifth  Edition  his  ill  the  BdvsnlaeH  of  ■  nev  1 
friend.  Mr.  Nipicr  i<  weil-knoivn  for  the  carefulness  and 
.  .  .  there  iBathoioUEhnntmlhE  handline  of  the  Bu 
In  theae  days  .  .  .  ^he  woiV  u  mt  ot  ^^>ow  -«U^ 
Infbrmation,  an  calculated  to  iiii^i«*wi'«ii\iiKL,"— i™ 


V  ^tlwaJfrr. 
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NAPIER  Qames,  F.R.S.E.,  F.C-S.) : 

A  MANUAL  OF  THE  ART  OF  DYEING  AND  DYEING  RE- 
CEIPTS. Illustrated  by  Diagrams  and  Numerous  Specimens  of  D>^ed 
Cotton,  Silk,  and  Woollen  Fabrics.  Demy  8vo.,  cloth,  21/-.  Third 
Edition f  thoroughly  revised  and  greatly  enlarged. 

GENERAL    CONTENTS: 

PartI.—HEAT  AND  LIGHT: 

Their  effects  upon  Colours,  and  the  changes  they  produce  in 
many  Dyeing  Operations. 

Part  II.— A  CONCISE  SYSTEM  OF  CHEMISTRY,  with  special 
reference  to  Dyeing : 

Elements  of  Matter,  their  physical  and  chemical  properties, 
producing  in  their  combination  the  different  Acids,  Salts,  &c., 
in  use  in  the  Dye-House. 

Part  III.— MORDANTS  AND  ALTERANTS : 

Their  composition,  properties,  and  action  in  fixing  Colours 
within  the  Fibre. 

Part  IV.— VEGETABLE  MATTERS  in  use  in  the  Dye-House : 

iRt.  those  containing  Tannin,  Indigo,  &c. ;  2ndly,  the  various 
Dyewoods  and  Roots,  as  Logwood,  Madder,  Bark,  &c. 

Part  V.— ANIMAL  DYES : 

Cochineal,  Kerms,  Lac,  &c. 

Part  VI.— COAL-TAR  COLOURS : 

Their  Discovery,  Manufacture,  and  Introduction  to  the  Dyeing- 
Art,  from  the  discovery  of  MAUVE  to  ALIZARIN. 

APPENDIX.— RECEIPTS  FOR  MANIPULATION  : 

Bleaching;  Removing  Stains  and  Dyes;  Dyeing  of  different 
Colours  upon  Woollen,  Silk,  and  Cotton  Materials,  with 
Patterns. 

"  The  numerous  Dyeing  Receipts  and  the  Chemiod  Information  furnished  will  be 

exceedingly  valuable  to  the  Practical  Dyer a  Manual  of  necessary 

reference  to  all  those  who  wish  to  master  their  trade,  and  keep  pace  with  the  scientific 
discoveries  of  the  time."— 3^o«rmi/  of  Applied  Science. 

"In  this  work  Mr.  Napier  has  done   good  service being  a  Practical  Dyer 

himself,  he  knows  the  wants  of  his  confrires the  Article  on  Water  is  a  very 

valuable  one  to  the  Practical  Dyer,  enabling  him  readily  to  detect  impurities,  and 

correct  their  action The  Article  on  Indigo  is  very  exhaustive; the  Dyeing 

Receipts  are  very  numerous,  and  well  illustrated.** — Textile  Manufacturer, 


PHILLIPS  (John,  M.A.,  F.R.S.,  F.G.S.,late  Pro- 

fessor  of  Geology  at  the  University  of  Oxford). 

A  MANUAL  OF  GEOLOGY :  Practical  and  Theoretical.     Revised 
and  Edited  by  Robert  Ethbridoe,  F.R.S.,  F.G.S.^oC  \.Va. \!Vnvs«»ss!l ^ 
Practical  Geology.     [In  PreparaiionY 


lU — Statiitici  of  the  amoui 
ihroughout  the  World, 
where  tliii  hu  nut  bee 
inronnatwo. 

IV.— The  Methods  of  Assayih 
the  Processei  of  Mbt* 
Ihon,  Cobalt,  Nickel,  i 
Arbenic,  Zimc,  Mercvi 
ana  rLATiHuH. 


K™™neiiii  iccirmttly  detailed  '- 
.mn..-7'J'.-'"  °'  f'f  ■"'■  ■•  »!">«'  inw 

wftich    V  '  ■eelriiK  wmuT  prink. 


''°P^IE,V.,„f.?'._rgeon.Ma 


SCIENTIFIC  PUBLICATIONS.  .  17 

SCIENTIFIC     MANUALS 

BY 

W.  J.  MACQUORN  EANKINE,   0^.,  LL.D.,  Pil.S., 

Late  Regius  Professor  of  Civil  Engineering  in  the  University  of  Glasgow. 


I.— RANKINE  (Prof.):  APPLIED  MECHANICS 

(A  Manual  of) ;  comprising  the  Principles  of  Statics  and  Cinematics, 
and  Theory  of  Structures,  Mechanism  and  Machines.  With  numerous 
Diagrams.  Revised  by  £.  F.  Bambbr,  C.E.  Crown  8vo.  Cloth,  12/6. 
Ninth  Edition, 

"  Cannot  fail  to  be  adopted  as  a  text-book The  whole  of  the  information 

so  admirably  arranged  that  there  is  every  facility  for  reference.**— ifiiiMg  Journal. 

II.— RANKINE  (Prof.):  CIVIL  ENGINEERING 

(A  Manual  of} ;  comprising  Engineering  Surveys,  Earthwork,  Founda- 
tions, Masonry,  Carpentry,  Metal-work,  Roads,  Railways,  Canals, 
Rivers,  Water-works,  Harbours,  &c.  With  numerous  Tables  and  Illus- 
trations. Revised  by  £.  F.  Bambbr,  C.E.  Crown  8vo.  Cloth,  16/- 
Twelfth  Edition, 

"  Far  surpasses  in  merit  every  existing  work  of  the  kind.  As  a  Manual  for  the 
hands  of  the  professional  Civil  Engineer  it  is  suffioient  and  unrivalled,  and  even  when 
we  say  this  we  fall  short  of  that  high  appreciation  of  Dr.  Rankine'a  laboun  which  wo 
should  like  to  express.'*— r/i«  Enginttr, 

III.— RANKINE  (Prof.):     MACHINERY  AND 

MILL  WORK  (A  Manual  of);  comprising  the  Geometry,  Motions, 
Work,  Strength,  Construction,  and  Objects  of  Machines,  &c.  Illus- 
trated with  nearly  300  Woodcuts.  Revised  by  E.  F.  Bambbr,  C.E. 
Crown  8vo.    Cloth,  12/6.     Third  Edition, 

"Professor  Rankine'a  'Manual  of  Machinery  and -Milhtrork '  fully  maintains  the 
high  reputation  which  he  enjoys  as  a  scientific  author ;  higher  praise  it  ia  difficult  to 
award  to  any  book.  It  cannot  ^1  to  bo<a  laatASn  to  tlw  feet  of*t««ry  engineer."— r/i« 
Enginttr, 

IV.— RANKINE  (Prof:):  The  STEAM  'ENGINE 

and  OTHER  PRIME  MOVERS  (A  Manual  of).  With  Diagram 
of  the  Mechanical  Properties  of  Steam,  nimiefluns  Tables  and 
Ilhistrations.  Revised  by  E.  F.  Bambbr,  C.£.  Cfown  8vo.  Cloth, 
12/6.    Eighth  Edition, 

v.— RANKINE  (Prof.):     USEFUL  RULES  and 

TABLES.    For  Architecu,  Bailders,  Caipentcn,  Ooachbuilders,  En- 
gravers.    Engineers,    Founders,   Mechanics,  Shipbuilders,  Surveyors, 
Wheelwrights,  &c.    Crown  8vo.    Cloth,  .0/-    Fifth  Edition, 
^  Uadoabtedly  the  mMt.iiMfal  coHectionof  emiiMrlhg  dils  hitherto  produced."* 

VI.— RANKINE    (Prof.):      A    MECHANICAL 

TEXT-BOOK.  By  Prdfisssorlf acquoen  RAMKnnSt  E«F.  Bam bbr^  C.E. 
With  numerous  Illustrations.    Grown  8vo.    Cloth,  9/-    S$eoHd  Edition, 


«• 


The  work,  aa  a  vhole^  ia  very  oeai^ete,  and  likely  to  prove  iavalsable  for  famish- 
inf  ^a  oeeftil  and  reliable  ovtline  of  the  tuhjects  treated  of.**^  tMimkngJmamtU. 
%*  The  MBCUAMMAL  TBXT-BOQX  fonnt  a  simple  Introdoction  to  mov.  aAifSfxa^  ssrxbs 

of  MANUALS  on  BNOnCBBRIMO  and  MBCHAMICS 
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SHEL  I  ON  (W,  Vincent,  Foreman  to  the  Impenal 

OlU>in.i!i  Gun-Faclories,  Conslanlinaple). 

Ttu:  MECHANIC'S  GUIDE:  A  Hand-boolt  for  Engincctg  aod 
Arti/jiiB.  With  CopiouE  Tables  and  Valuable  Recipes  for  Fiactical 
Ubc.   lUuBtrated.    Crown  8vo,  cloth,  7/G. 

GENERAL  CONTENTS: 


Part      I.— Arithmelie, 
Part     II. — Geomelry, 
Part  III.— Mensural  ion. 
Part   IV.— Velocities  in  Boring 
and  Wheel -Gearing. 


Part        V.— Wheel    and    Screw- 

Pabt      VI. — MiscellancoQS     Sub- 

Part    VII.— The  Steam- Engine. 
Past  VIII.— The  Locomotive. 
'  i!a  pbrpdae  *■  completely  u  1  wboie  iccies 


helF  of 


•—Builitr. 


■.•  Tbii  Work  ii  ipccidlyinleniied  for  SBlf-Teuhu>,uid  placa  twroi 
Ihcir  Bdiptation  to  Fracticil  Purpotci. 

THOMSON  (Spencer,M.D.,L.R.C.S., Edinburgh): 

A  DICTIONARY  of  DOMESTIC  MEDICINE  and  HOUSEHOLD 
SURGERY.  Thoroughly  revised  and  brought  down  to  the  present  slate 
of  Medical  Science.  With  an  additional  chapter  on  the  Management 
of  the  Sick  Room;  and  Hints  for  the  Diet  and  Comfort  of  Invalids. 
Many  Illustrations.  Demy  Svo,  750  pages.  Cloth,  8/6.  Thirlttnlh 
Edition. 

"The  best  and  uFcst  book  on  Domcslii:  Medi[:me  and  HousihoLd  Sucgery  whiib 

useful  pruf™ToMl  knoJe/g'."-OirWm'K"™''5/V(rt,L!i7i<.i'«.''  ""  "™""'  " 
"  Worth  lis  weighlia  eold  10  fimilieiand  the  clerEy.'— Oi/or^  HhbU. 


I 
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W\  LDE  (James,  formerly    Lecturer   on  Natural 

Philosophy  al   the   Polytechnic): 

THE  MAGIC  OF  SCIENCE:  A  Manual  of  Easy  and  Amusing 
Scientific  Experiments.  With  Steel  Portrait  of  Faraday  and  many 
hundred  Engravings.  Crown  Svo.  Cloth  gill,  and  gilt  edges,  5/-  Third 
Edition. 
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Educational  Works. 


BRYCE    (Archibald   Hamilton,   D.C.L.,    LL.D., 

Senior  Classical  Moderator  in  the  University  of  Dublin) : 

VIRGILII  OPERA.  Text  from  Heyne  and  Waonsr.  English 
Notes,  original,  and  selected  from  the  leading  German,  American 
and  English  Commentators.  Illustrations  from  the  antique.  Com- 
plete in  One  Volume,  fcap.  8vo.,  cloth,  6/-     Twelfth  Edition, 

Or,  in  Three  Parts  : 

Part  I.      Bucolics  and  Georoics         . .         • .  2/6 

Part  II.    The  ^Eneid,  Books  I.—VI 2/6 

Part  III.  The  ^Eneid,  Books  VII.— -XII.        . .  2/6 

Contains  the  pith  of  what  has  been  written  by  the  best  scholars  on  the  subject* 

idei 


.The  notes  comprise  everything  that  the  student  can  wuit,**—Ath€iUfum. 


'*  The  most  complete,  as  well  as  elegant  and  correct,  edition  of  Virgil  ever  publishedi 
in  this  country." — Educational  Times. 

**  The  best  commentary  on  Virgil  which  a  student  can  obtun/'Scotsman, 

COBBETT  (William) :    ENGLISH  GRAMMAR 

in  a  Series  of  Letters,  intended  for  the  use  of  Schools  and  Youne  Per- 
sons in  general.  With  an  additional  Chapter  on  Pronunciation,  oy  the 
Author's  Son,  Jambs  Paul  Cobbett.  Fcap.  8vo.  Cloth,  1/6.  {The 
only  correct  and  authorized  Edition). 

"  A  new  and  cheapened  edition  of  that  most  excellent  of  all  English  Gnmmaft, 
William  Cobbett's.  It  contains  new  copyright  matter,  as  well  as  includes  the  eqoalfy 
amusing  and  instructive  '  Six  Lessons  intended  to  prevent  statesmen  from  writing  in 
an  awkward  manner."*~i4f/<u. 

COBBETT  (William) :  A  FRENCH  GRAMMAR. 

Fcap.  8vo.     Cloth,  3/6.    Fifteenth  Edition. 

** '  Cobbett's  French  Grammar '  comes  out  with  perennial  freshness.  There  are 
few  grammars  equal  to  it  for  those  who  are  learning,  or  desirous  of  learning,  French 
without  a  teacher.  The  work  is  excellently  arranged,  and  in  the  present  edition  we 
note  certain  careful  and  wise  revisions  of  the  text." — School  Board  thronicU, 

"  Business  men  commencing  the  study  of  French  will  find  this  treatise  one  of  the 
best  aids It  is  largely  used  on  the  Contintat.*'-~M idland  Counties  Herald, 

COBBETT   (James   Paul):    A   LATIN   GRAM- 

MAR.     Fcap.  8vo.    Cloth,  2/- 

COLERIDGE  (Samuel  Taylor)  :  A  DISSERTA- 
TION ON  THE  SCIENCE  OF  METHOD.  (Encyclopadia  Metro- 
politana,)    With  a  Synopsis.    Crown  8vo.    Cloth,  2/-    Nintk  Ed\\.\ntw« 
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CRAIK'S  ENGLISH  LITERATURE. 

A  COMPENDIOUS  HISTORY  OF  ENGLISH  LITERATURE  AND 
OF  THE  ENGLISH  LANGUAGE  from  the  Nonnan  ConquMt. 
VViih  numerout  gpcdmens.  By  GeoRae  Lillie  Craik,  LL.D.,  late 
I'lufe^soT  of  HifltDi7  and  English  Literature,  Queen's  College,  BcKatt. 
Iniwovoli.  Royal  Svo.  Handsotnely  bouod  in  doth,  25/- ;  fuU  i;alf, 
gilt  edgci,  37/6.    NtiB  Edition.  ^ 

GENERAL       CONTENTS.  J 

I.— Tm  Norman  Pekiod — The  Conqueet.  ^| 

II. — SecoMD  English — common])'  called  Serai-Suton. 
III. — Third  EdousH—MixeiJ, or  Compound  EnglUb. 
IV.— MipDLE  A^D  L*TTn«  Part  OK  THi!  Skventbbnth  Cbiitvkv. 
,  v.— The  Ceniurv  rgtwebh  the  English  RBVOi.i;T]ot<  and  thi 

French  Re  volution. 
VI. — The  Latter  Part  of  ths  riaBTtnrrH  Cbntukv. 

Century:  (a)    The   Last   Age   or    the 
Cboroks. 
[b)  The  Victorian  Aob. 
■iTph  and  Spicimms  of  Stjrit. 


10 1»  ngudsd  u  e(  t  tcimUtc  tbtrtLatr."—Earttl  from  ikr  AiUktt'i  fn/acr. 

"PrafcuorCriiik'ibDDL  going,  ai  it  doa.UiniEeh  the  whale  bluon  of  thiUiiguiKr, 
probiblv  laliei  ■  place  quilt  by  iltclf.  The  grcu  vilut  of  the  bosk  ii  iu  tboiemch 
cumprchcntivcnos.    It  i>  alwiri  clear  mrl  itraightfarwaid,  and  deal!  not  ia  itaeoilet 

CRAIK   (Prof.)  :    A   MANUAL   OF   ENGLISH 

LITERATURE,  for  the  Uae  of  Colleges,  Schooli  and  Civil  Service 
Examinatioos.  Selected  from  the  laigtr  work,  by  Dr.  Craik.  Crou-u 
Svo.     Cloth,  7/6.     Stvnl/i  Editiam. 

"  A  Hanul  c[  Englilh  LitcnCgre  bom  «  nfaitncci  u>d  wdl-nul  ■  idialar  II 


..llour  vAing  tcideri  will  live  b»llhf  paui 
■U/  benefit  bj  the  wide  ana  »oand  viewv  be 


CRUTTWELL     (Charles     Thomas,    M.A.)  :     A 

HANDBOOK  OF   SPECIMENS   OF    LATIN    AUTHORS  (Proie- 

Writen  and  Poets)  fiom  \\ie  UatVt«\  Period  to  the  Latett,  chcDBologi- 
cally  arranged.    Liownftvo.    (J«  Pit^iitH>i(i\. 
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CRUTTWELL  (Charles  Thomas,  M.A.,  Fellow 

of  Merton  College,  Oxford ;  Head  Master  of  Bradfiekl  College) : 

A  HISTORY  OF  ROMAN  LITERATURE,  from  the  Earliest 
Period  to  the  Times  of  the  Antonines.  With  Chronological  Tables 
and  Test-Questions,  for  the  Use  of  Students  preparing  for  Examina- 
tions.    Crown  8vo.,  Cloth,  8/6.     Second  Edition, 

"Mr.  Ckuttwrll  has  donea  real  service  to  all  Students  of  the  Latin  Language 
and  Literature.    .    .    .    Full  ot  |;ood  scholarship  and  good  criticism.** — AthenteHm. 

'*  A  most  serviceable— indeed,  indispensable— guide  tor  the  Stndent.  .  .  .  The 
'  general  reader*  will  be  both  charmed  and  instmcted.**— 5atimto>  Rtvuw. 

"  1  he  Author  undertakes  to  make  Latin  Literature  interesting,  and  he  has  suc- 
ceeded.   There  is  not  a  duU  page  in  the  volume."  ^Academy, 

"  The  great  merit  of  the  work  is  its  fulness  and  accuracy."— GiMrriia*. 

"  Tbie  elaborate  ami  very  careful  work  ...  in  every  respect  of  high  me*-it. 
Nothing  at  ail  equal  to  it  haa  hitherto  been  published  in  England.**— i9niuJb  Quarterly 
Kevttw. 


CURRIE  (Joseph,  formerly  Head  Classical  Master 

of  Glasgow  Academy^ : 

HORATII  OPERA.  Text  from  Orbllius.  English Note«, original, 
and  selected  from  the  best  Commentators.  Illustrations  from  the  an- 
tique.   Complete  in  One  Volume,  fcap.  8vo.,  cloth,  5/- 

Or,  in  Two  Parts: 

Part  L    Carmxna  3/. 

Part  IL  Satires  and  Epistles  ..     3/-. 

"  The  notes  are  excellent  and  exhanstive.**— ^iMrl«^>  Journal  of  Education, 

CURRIE    (Joseph):      EXTRACTS     FROM 

Ci^SAR*S  COMMENTARIES;  conuining  his  description  of  Gaul, 
Britain  and  Germany.  With  Notes,  Vocabulary,  &c.  Adapted  for 
Young  Scholars.     i8mo.    Cloth,  1/6.    Fourth  Edition, 

D'ORSEY  (Rev.  Alex.  J.  D.,  B.D.,  of  Corpus  Christi 

Coll.,  Cambridge,  Lecturer  at  King's  Coll.,  London) : 

SPELLING  BY  DICTATION  :  Progressive  Exercises  in  English 
Orthography,  for  Schools  and  Civil  &rvice  Exanunations.  zbmo. 
Cloth,  i/*    Pifteenih  Thousamd. 

FLEMING    (William,    D.D.,   late    Professor    of 

Moral  Hulosophy  in  the  University  of  Glasgow) : 

THE  VOCABULARY  OP  PHILOSOPHY:  Mental,  Moral, 
AND  Metaphysical.  With  Quotations  and  References  forthe  Use  of 
Students.  Revised  and  Edited  by  Henry  Caloehwooo,  LL.D.,  Pro- 
fessor of  Moral  Philosophy  in  the  University  of  Bdinboii^  Crown 
8vo.     Cloth  bevelled,  10/6.     Third  Edition^  enlargfd: 

'*An  admirable  book.  ...  In  its  preaent  shape  wiH  be  wetcome^  not  only  to 
Students,  but  to  many  who  have  Um^  siace  passed  ont  of  the  cfeMS  of  Stndents, 
popularly  so  calle  1.** — Scotsman. 

**^The  additions  'yv  the  Editor  bear  in  their  clear,  concise,  vifforooa  expression  the 
stamp  of  his  powernil  intellect,  and  thorough  commnnii  of  our  umfoagei  More  than 
ever,  the  work  is  now  likely  to  have  a  proloneed  and  useful  existence,  and  to  facili- 
tate the  researches  of  those  entering  npoo  phuosophic  StttdiM.'*-~lifMMjf4UMU«, 

"  A  valuable  addition  to  a  StodeaVs  Libriury.**— TobUi. 
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McBURNEY  (Isaiah,  LL.D.) :    EXTRACTS 

FROM  OVID'S  METAMORPHOSES.     Wilh  Noles,  Vocabulary,  &c 
Adapted  for  Young  Scholars.     iBmo.    Cloth,  i/6.     Third  EdUioii. 
COBBIN'S    MANGNALL: 

MANGNALL'S  HISTORICAL  AND  MISCEL- 
LANEOUS QUESTIONS,  for  the  Use  of  Young  People.  By  Richmm. 
Manghall.  Greatlyentargedand corrected,  and  continued  lo  the  pre- 
sent lime.  By  Ingram  Cobbin.   M.A.     iimo.    Clvlb  ^/- Forly-iighlli 

Tlwaand.     Ntto  Illustralid  Bdilion. 

MENTAL     SCIENCE:      SAMUEL    TAYLOR 

COLERIDGE'S  CELEBRATED  ESSAY  ON  METHOD;  Arch- 
bishop Whately's  Treatises  on  Logic  and  Rhetoric.  Crown  Svo. 
Cloth,  si-    Tealh  Ediliun. 

WORKS     BY    WILLIAM     RAMSAY,     M.A., 

Trir.itj  CDllrgc,  CambridEe,  Imc  ProfttMr  of  Humuiily  in  tht  Univtraily  of  Glueow. 

A    MANUAL     OF     ROMAN    ANTIQUITIES. 


•wn  8vo.     Cloth,  8/6.     Ttnlk  Edi- 

GENERAL    CONTENTS. 

I. — The  Typography  of  Rome, 

II.— The  Origin  of  the  Roman  People;  their  Political  and  Social 

Organization;  Religion;  Kalendar;  and  Private  Life. 
III.— General  Principles  of  the  Roman  Constitution;  the  Rights  of 

Difietent  Classes;  the  Roman  Law  ar.d  Administration  of  Justice. 
IV.— The  Comitia  ;  Magistrates;  the  Senate. 
V. — Military  and  Nnval  Affairs;  Revenues;  Weights  and  Measures; 

Coins,  &c. 
VI. — Public  Lands  ;  Agrarian  Laws;  Agriculture.  4c. 

RAMSAY      (Prof.):      AN     ELEMENTARY 

MANUAL  OF  ROMAN  ANTIQUITIES.  Adapted  for  Junior 
ClaaseB.  With  numerous  Illustrations.  Crown  8vo.  Cloth,  4/-  Siilk 
Edition. 

RAMSAY    (Prof.)  :    A    MANUAL    OF    LATIN 

PROSODY.  Illustrated  fay  Copious  Examples  and  Critical  Rematts. 
For  the  use  of  Advanced  Students.  Revised  and  greatly  enlarged. 
Crown  8vo.     Cloth,;/.     Sixth  Edition. 

■■  Thtre  Ja  no  ollitr  work  on  Die  subjcci  wonhy  to  compftc  with  it."—Alhi«t»m. 

RAMSAY     (Prof)   :      AN     ELEMENTARY 

MANUAL  OF  L^tm  V?.0?,<51i"f .  fvdi^tcd  for  Junior  Classei. 
Crown  8vo.    CloiH,  i\- 
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THE   SCHOOL    BOARD    READERS: 

A  New  Series  of  Standard  Reading  Books. 
Edited  by  a  former  H.M.  INSPECTOR  of  SCHOOLS. 

Recommended  by  thb  London  School  Board. 

And  adopted  by  many  School  Boards  throughout  the  Country. 

*l^*   AGGREGATE    SALE,    igO^OOO   COPIES. 


Elementary  Reading  Book,  Part  L — Containing  Lessons  s.  d, 
in  all  the  Short  Vowel  Sounds.    Demy  i8mo.,  x6  pages. 
In  stiff  wrapper •        •        .ox 

Elbmbntaky  Reading  Book,  Part  IL — Containing:  the 
Long  Vowel  Sounds  and  other  Monosyllables.  Demy 
x8mo,  48  pages.    In  stiff  wrapper  .        .        •        .        .02 

Standard  I. — Containing  Reading,  Dictation,  and  Arith- 
metic.   Demy  i8mo,  96  pages.    Neat  cloth  .        .        .04 

Standard  IL — Containing  Reading,  Dictation  and  Arith- 
metic.   Demy  x8mo,  X28  pages.    Neat  cloth         .        .06 

Standard  III. — Containing  Reading,  Dictation  and  Arith- 
metic.   Fcap.  8vo,  160  pages.    Neat  cloth    .        .        .09 

Standard  IV. — Containing  Reading,  Dictation  and  Arith- 
metic.   Fcap.  8vo,  X92  pages.    Neat  cloth    .        •        .    x    o 

Standard  V. — Containing  Reading,  Dictation  and  Arith- 
metic, with  an  Explanation  of  the  Metric  System  and 
namerous  Examples.  Crown  8vo,  256  pages.  Neat 
cloth        . X    6 

Standard  VI. — Containing  Selections  from  the  best  English 
Authors,  chronologicsdly  arranged  (Chaucer  to  Ten- 
nyson), Hints  on  Composition,  and  Lessons  on  Scien- 
tific Subjects.    Crown  8vo,  320  pages.    Neat  cloth       .    2    o 

Key  to  the  Questions  in  Arithmetic,  in  two  parts,  each    o    6 

*'  The  general  conception  is  sound,  and  the  execution  praisewoi  thy.    The  selections 

•eem,  on  the  whole,  happily  and  judiciously  made In  the  sixth  and  last  volume 

we  have  an  excellent  chronological  selection  from  our  English  classics By  the 

time  the  scholar  has  mastered  the  Series,  he  ought  to  have  a  fairly  suggestive  know- 
ledge of  English  literature.  The  treatise  on  composition  is  brief,  but  satisfactory; 
and  the  books  generally  are  very  much  what  we  should  desire.** — Timis. 

"  The  Series  is  decidedly  one  of  the  best  that  have  yet  appeared.**— i4/Afikrum. 

**  There  are  no  better  reading-books  published.  The  advanced  books  are  gems. 
The  Series  reflects  great  credit  on  both  editor  and  publisher.** — Educational  Reporter, 

**  The  Series  has  been  very  carefully  and  judiciously  prepared.**— Examtii^. 

'*  The  choice  of  matter  is  excellent,  and  so  are  the  method  and  style.  We  begin 
with  wholesome  stories,  poems,  and  lessons  on  natural  history,  brightened  with  wood- 
cuts; and  we  go  on  to  matters  of  general  information  and  useful  knowledge  in  a  very 
attractive  shape,  till  we  arrive  at  a  point  which  ought  to  turn  the  pupil  out  into  the 
world  a  good  reader,  a  lover  of  gooa  reading,  and  an  intelligent  member  of  society." — 
Schcol  Board  Chronicle. 

*,•  Each  book  of  this  Series  contains  within  itself  all  that  is  necessary  to 

fulfil  the  requirements  of  the  Revised  Code^  vis. :  Readings  Spelling  and 

Dictation  Lessons t  together   with   Exercises  in  Arithmetic^  for  the  whole 

year.    The  paper,  type  and  binding  are  all  that  can  be  d«»Yed« 
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THE    S-GHOOL    BOARD    MANUALS: 

(On  thb  Spectric  Subjects  of  the  Revisbd  Code). 

By  a  former  H.M.  INSPECTOR  OF  SCHOOLS. 

Editor  or  ihe  "  School  Board  Readcil." 


Frici  6d.  each  in  stiff  vraf fir ;  elolh  neat.  yd. 
1,  ALGEBRA.— In  this  book, which  iiuJapirdtoSundaidatV,,  i 
V.  and  VI.,  everything  is  eitplnined  tin  accordance  with  tha.J 
Pealaloziian  Bysicro)  upon  Jirtt  /•Tmciftri,  and  the  cuamplei  J 
are,  ai  far  as  possible,  taken  £roni  ciincrote  numben.  Ahiin-  M 
dance  of  example!  are  giren,  graduated  by  euy  ilagci.  I 

II.  ENGLISH  HISTORY.— This  book  is  exactly  suited  to  [ha  J 
requiremenit  of  the  Code  for  Standard*  IV.,  V.  and  VI.  tfaa  J 
chiefevents  of  impoTtanee  being  given  in  detail,  and  the  generd  ^ 
landmarks  of  history  in  brief.     Copioos  Tables  are  added 

III.  GEOGRAPHY.— Contains  all  that  ii  necessary  for  passing  in 
Standards  IV.,  V.  and  VI. 

IV.  PHYSICAL  GEOGRAPHY.— Contents:  Figure  of  the  Earih 
— Mountain  Systems — Ocean  Currents — Atmospheric  Phe- 
nomena—Trade Winds — Distribution  of  Plants,  Animals,  and 
Races  of  Men,  &c. 

V.  ANIMAL  PHYSIOLOGY.— Contents;  aawificationof  Ani- 
mals—the  Human  Skeleton— Bones,  Muscles,  Skin.  Hair,  and 
Nails— Digestion,  CirculalioB,  Respiration,  Secretion,  and  Nu- 
trition— the  NctvouaSysiem — the  Senses.  UluttraUd  by  good 
Engravingi. 
VI.  BIBLE  HISTORY— Contents:  Namea,  Divisions,  and  His. 
lory  of  the  Bihlc— Analysis  of  the  Old  and  New  Teatamenis— 
Geography  of  Palestine — Tables  of  Measures,  fie. 

*,*  It  U  hopid  that  this  bmci  will  fnmi  iTvUfbU  in   Ikt 

tludyoflht  ScriptHrti.    All  contTOVimal pcintt h»»i  bttn  eart- 

fully  amidtd. 

"Tho<  lioiple  and  Hll-piduui]  HsbbiIi.  iJaplM  to  (ha  RqBlMnwili  of  ihe 

New  Code,  lie  Ihe  nioai  clcmtnuir  of  einnnitirr  works,  Md  ntrnnitjr  cb«ii 

"The  SETiet  wilt pron  1  Tcrr  raliablc  ud  nbamttal  *h1  10  tkt  leaebo.  .  .  . 
The  whole  of  Ihe  Manamlm  bear  plata  eridence  of  hiTinf  been  prewBd  hy  Iho^e 
ihoroughly  converuot  practically  wirh  the  worit  of  laachinr.  aitd  of  having  tKcn  le- 
liled  by  one  able  lo  jud^e  of  ihe  efl^l  of  bcok -leaching  by   Ihe  crucial  ttit  el  ill 

■  ground,  work  and  help  lo  Iheilody  of  the  Scnpiurem,  it  ia  to  ba  ■urmly 

*.*  Spicimtn  tofitt  tHf-piiid  lu  Ttaehtrt  at  Half  Ikt  Puhlithtd  Price  aiU 
Postage.  A  ComfltU  Set  of  Readers  and  Mahuawoh  ritrift  of  P.0.0. 
for  6j.  id.  
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SENIOR    (Nassau  William,  M.A.,  late  Professor 

of  Political  Economy  in  the  University  of  Oxford) : 

A  TREATISE  ON  POLITICAL  ECONOMY;  the  Science  which 
treats  of  the  Nature,  the  Production,  and  the  Distribution  of  Wealth. 
Crown  8vo.    Cloth,  4/-    Sixth  Edition,    {Encyclopaedia  Metropolitana) 

THOMSON   (James)  :    THE  SEASONS.    With 

an  Introduction  and  Notes  by  Robbrt  Bell,  Editor  of  the  "Annotated 
Series  of  British  Poets.'*    Foolscap  8vo.    Cloth,  x/6.    Third  Edition, 
"An  admirable  introduction  to  the  stady  of  our  English  claatics.** 

WHATELY  (Archbishop)  :   A   TREATISE   ON 

LOGIC.  With  Synopsis  and  Index.  Crown  8vo.  Cloth,  3/.  The 
Original  Edition,     {Encyclopedia  MitropolHana), 

WHATELY   (Archbishop):   A  TREATISE   ON 

RHETORIC.  With  Synopsis  and  Index.  Crown  Svo.  Cloth,  3/6. 
The  Original  Edition.     {Encyclopedia  Metropolitana), 

WYLDE  (James) :  A  MANUAL  OF  MATHE- 

MATICS,  Pure  and  Applied.  Indvdinfi^  Arithmetic,  Algebra,  Geo- 
metry, Trigonometry  (Plane  and  Spherical),  Logarithms,  Mensuration, 
&c.    Super-royal  8vo.    Cloth,  zo/6. 


%*  Specimen  Copies  of  all  the  Educational  Works  ptMithed  by  Messrs, 
Charles  Griffin  and  Company  mt^  be  seen  at  tks  Libraries  of  the 
ColUs^e  of  Preceptors^  South  Kensington  Mmswm,:and  Cifysial  Palace  ; 
also  at  the  depots  of  the  chief  Educational  Soci4ties, 


■' The  PecDi  irc  telKted  wtlh  tut« 
"  The  eD^rmTiBEi  tn  from  dnwia 

CHRISTISON    (John): 

TEM  OF  INTEREST  TABLE 
of  Exchange  or  CommiHion,  F 
Malt,  Spirit  Knd  variouB  other  u» 
Meicantile  Ready  Reckoner,  ca 
thirty-iccond  part  of  a  penny  lo  i 
Bound  in  leather,  4/6.    Nta  Bdi 


THE     WORKS     OP    V 

THE  ONLY  AUTHC 

COBBETT    (William): 

MEN  and  (iocideotally)  to  Youn 
Ranks  of  Life.  In  a  Mriet  of  L«t 
a  Lover,  a  Husband,  a  Father,  a 

Cloth,  a/6.    New  Edilion.     With 

"Cobbtll'a  »■—•  '—>■■••■'-  ■ 
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William  Cobbett's  Works — [coniintud), 

COBBETT  (Wm.) :   EDUCATIONAL  WORKS. 

(See  page  19). 

COBBETT  (Wm):  A  LEGACY  to  LABOURERS; 

An  Argument  showing  the  Right  of  the  Poor  to  Relief  from  the  Land. 
With  a  Preface  by  the  Author*s  Son,  John  M.  Cobbbtt,  late  M.P 
for  Oldham.    Fcap.  8vo.    Cloth,  z/6.    Ntw  Edition, 

**  The  book  cannot  be  too  mnch  atudied  just  now,**— Nottconformist, 

**  Cobbett  was,  perhaps,  the  ablest  Political  writer  England  ever  prodnced,  and  his 

influence  as  a  Liberal  thinker  is  felt  to  this  day It  is  a  real  treat  to  read  hit 

strong,  racy  language.'*— Pm6/»c  Opinion. 

COBBETT  (Wm.)  :  A  LEGACY  to  PARSONS ; 

Or,  Have  the  Clergy  of  the  Established  Church  an  Equitable  Right  to 
Tithes  and  Church  Property  ?     Fcap.  8vo.     Cloth,  z/6.    Ntw  Edition. 

*'  The  most  powerful  work  of  the  greatest  master  of  political  controversy  this 
country  has  ever  produced.**— PoM  MallGOMette, 


COBBETT   (Miss  Anne):    THE   ENGLISH 

HOU  SEKEEPER ;  Or,  Manual  of  Domestic  Management.  Containing 
Advice  on  the  Conduct  of  Household  Affairs,  and  Practical  Instructions, 
intended  for  the  Use  of  Young  Ladies  who  undertake  the  superin- 
tendence of  their  own  Housekeeping.    Fcap.  8vo.    Cloth,  3/6. 

COOK'S    VOYAGES.        VOYAGES    ROUND 

THE  WORLD,  by  Captain  Cook.  Illustrated  with  Maps  and  numer- 
ous Engravings.    Two  vols.    Super-royad  8vo.    Cloth,  30/- 

DALGAIRNS   (Mrs.):    THE    PRACTICE    OF 

COOKERY,  adapted  to  the  business  of  Evexv-day  Life.  By  Mrs. 
Dalgairns.  The  best  book  for  Scotch  dishes.  About  Fifty  new  Recipes 
have  been  added  to  the  present  Edition,  but  only  such  as  the  Author 
has  had  adequate  means  of  ascertaining  to  be  vaduable.  Fcap.  8vo. 
Cloth,  3/6.    Sixteenth  Edition. 

**  This  is  by  far  the  most  complete  and  truly  practical  work  which  has  yet  appeared 
on  the  subject.  It  will  be  found  an  infallible  *  Cook's  Companion/  and  a  treasure  of 
great  price  to  the  mistress  of  a  family."— £<<ti»6«r^A  Literary  Journal, 

"  We  consider  we  have  reason  strongly  to  recommend  Mrs.  Dalgairns*  as  an 
economical,  useful,  and  practical  system  of  cookery,  adapted  to  the  wants  of  all 
families,  from  the  tradesman  to  the  country  gentleman.**— ^/«cfa/or. 
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D'AUBIGNE  (Dr.  Merle)  :  HISTORY  OF  THE 

REFORMATION.  With  the  Aulhor'6  latest  additions  and  a  new 
Preface.  Many  Woodcutii.  and  Twelve  Engiavingi  on  Sleel.  illuitnilivB> 
of  the  Lile  of  Martin  Lutheii.  after  LABDucntRE.  In  one  large: 
volume,  demy  (to.     Elegantly  bound  in  cloth,  at/- 

"  [n  ihi>odilioiilhflprindp»l>cloD»Bi)ieenMiii  th«  |[««ilr«m«ol't!w  SiiittQlb 
CFiiiiiry  IK  brouEht vividly  btSan  U»  eye  ei  the  nad«,  by  ib«  nklll  a[  the  iiliit  mad  i 

DONALDSON  (Joseph,  Sergeant  in  the  94th  Scots' 

Regimeol): 

RECOLLECTIONS  OF  THE  EVENTFUL  LIPB  OF  K 
SOLDIER  IN  THE  PENINSULA.  Fcap.  Svo.  Cloth,  s.t ;  gilt 
sides  and  edges,  4/-    New  Edition. 

EARTH    DELINEATED    WITH    PEN   AND 

PENCIL  (The):  an  llluslraled  Record  of  Voyagee,  Travels,  and  Ad- 
ventureg  all  round  the  World,  Illustrated  with  more  than  Two  lluiu- 
dred  Engravings  in  the  first  style  of  Art,  by  the  moM  eminent  Artiin; 
including  several  from  the  master  pencil  of  Gt;sTAVE  Daak.     Demy 

410,  750  pages.    Very  handsomely  bound.  Ji/- 


MRS.     ELLIS'S     CELEBRATED     WORKS 

On  the  Influence  and  Character  of  Women. 

THE  ENGLISHWOMAN'S  LIBRARY: 

A  Series  of  Moral  and  Descriptive  Works.     By  Mrs.  Ellis.     Small 
Svo„  cloth,  each  volume,  3/6  ;  with  gill  backs  and  edges,  3/- 

I.— THE  WOMEN  OF  ENGLAND:   Their  Social   Duties  and 

Domestic  Habits.     Thirly-nintk  Thautand. 

2.— THE   DAUGHTERS   OF   ENGLAND:    Their   Position   in 

Society,  Character,  and  Responsibilities.   Twinliilk  Thvuiniul, 

3.— THE    WIVES    OF     ENGLAND:     Their    Relative     Duties, 

Domestic  Influence,  and  Social  Obligations.    Eightetnth  Tlwi- 

4.— THE  MOTHERS  OF  ENGLAND :  Their  Influence  and  Kt- 

sponsibillues.     Tirtnliilh  Tliousand, 
5,— FAMILY  SECRETS;  Or,  Hints  tomake  Home  Happy.  Thrte 

vols.      Tvinty-lhird  Tkjusand. 
6.— SUMMER  AND  WINTER  IN  THE   PYRENEES.     T.n//, 

Tlwuiand. 
7.— TEMPER      AND      TEMPERAMENT:      Or,    Varieties     of 

Character.      T«o  vols.      Teiilh  Tlwuiand. 
8.— PREVENTION  BETTER  THAN   CURE;    Or,  The   Moral 

Wants  of  the  World  we  live  in.     Tailflh  Thousand. 
g.— HEARTS   AND   HOMES;    Or,  Social  Disti 

vols.    Tenth  Thataaiid. 
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THE     EMERALD    SERIES     OF 
STANDARD    AUTHORS. 

Uhistrated  by  Engravingfs  on  St«el«  after  SrorrHAKD,  Lbk^je,  iPayid  Ro- 
berts, Stanfield,  Sir  Thomas  Lawrence,  Cattermole,  &c.  Fcap. 
8vo.    Cloth  gilt. 

*«*  Particular  attention  U  reMcated  to  thk  vwr  beaatiful  wrks.  Tile  delicacy  of 
the  enfravingt,  the  exccUeace  of  lac  typography,  and  the  ooaiot  antique  faaad  and  tail- 
piecee,  render  them  the  most  beautiful  volnmee  ever  tasued  from  the  preaa  of  thia  country 
and  now,  unquestionably,  the  cheapcat  of  their  daw. 

BURNS'    (Robert)    SONGS   AND    BALLADS. 

With  an  Introduction  on  the  Character  and  Genius  of  Bums.     By 
Thomas  Carlyle.     Carefully  printed  in  antique  type,  and  illustrated 
with  Portrait  and  beautiftil  Engravings  on  Steel.    Cloth,  gilt  edges,  3/- 
malachite,  xo/6.     Second  Thousand. 

BYRON    (Lord):    CHILDE    HAROLD'S   PIL- 

GRIMACE.  With  Memoir  by  Professor  Spalding.  Illustrated  with 
Portrait  and  Engravings  on  Steel  by  GRSArrBAOH,  Mixxkr,  LiGHTrooT, 
&c.,  from  Paintings  by  Cattermolb,  Sir  T.  Lawrence,  H.  Howard, 
and  Stothard.  Beautifully  printed  on  toned  paper.  Cloth,  gilt  edges, 
3/- ;  malachite,  10/6.     Third  Thotaamd. 

CAMPBELL    (Thomas)  :    THE    PLEASURES 

OF  HOPE.  With  Introductory  Memoir  by  tbe  Rev.  CHAJtLBS  Roobxs, 
LL.D.,  and  several  Poemc  liever  before  published.  Illustrated  with 
Portrait  and  Steel  Engravings.  Cloth,  gilt  edges,  3/- ;  malacfaite,  io/6. 
Second  Thousand, 

CHATTERTON'S  (Thos.)  POETICAL  WORKS. 

With  an  Original  Memoir  by  Frbobricx  Martin,  and  Poctrait.  Beau- 
tifully illustrated  on  Steel,  and  elegantly  printed.  CIihIIb  gilt  ec^es, 
3/- ;  malachite,  10/6.    Fourth  Thousand, 

GOLDSMITH'S  (Oliver)  POETICAL  WORKS. 

With  Memoir  by  Professor  Spalding.  Exquisitely  illustrated  with 
Steel  Engravings.  Printed  on  superior  toned  paper.  Cloth,  gilt  edges, 
3/- ;  malachite,  10/6.    Neu  Edition.    Siwsntk  Thomand. 

GRAY'S  (Thomas)  POETICAL  WORKS.     With 

Life  by  the  Rev.  John  Mitpord,  and  Essay  by  the  Earl  op  Carlisle. 
With  Portrait  and  numerous  Engravings  on  Steel  and  Wood.  Ele- 
gantly printed  on  toned  paper.  Cloth,  gilt  edges,  5/- ;  malachite,  12/6. 
Eton  Edition,  with  the  Latin  Poems.    Fifth  Thousand. 

HERBERT'S    (George)    POETICAL   WORKS. 

With  Memoir  by  J.  Nichol,  B.A.,  Oxon.,  Prof,  of  Ea^iah  Literature  in 
the  University  of  Glasgow.  Edited  by  Charles  Cowden  Clarke. 
Antique  headings  to  each  page.  Cloth,  gilt  edges,  3/-  malachite,  10/6. 
Second  Thousand. 
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The  Embbald  Series — {continutd), 

KEBLE  (Rev.  John):  THE  CHRISTIAN  YEAR. 

Wiih  Memoir  by  W.  Temple,  Portrait,  and  Eight  beaatiful  En  — --- — ^ 
on  Steel.   Cloth,  gilt  edges,  5/.;  morocco  eleeanc,  lo/C;  jnalach 

POE'S  (Edgar  Allan)  COMPLETE  POETICALl 

WORKS,     Edited,  with  Memoir,  fay  jAMna  Hanhav.     FuU-page  Illia-" 
trationa  after  Wehnert.  Wbir,  &c.    Toned  paper.    Cloth,  gilt  tigf- 
3/- ;  malachite,  lo/G-    Tkirltinlh  Tkausand. 

OlhtT  VolMintt  in  fref oration. 


FINDEN'S    FINE    ART   WORKS. 
BEAUTIES    OF   MOORE;    being  a   Series  of^ 

Artists,  engraved  in  the  highest  style  of  An  by  Edward  Finden, 
with  a  Memoir  of  the  Poet,  and  descriptive  letter-press.  Folio,  Cloth 
gilt,  and  gilt  edges,  42/- 

DRAWING-ROOM   TABLE    BOOK    (The)  ;    a 

Series  of  31  highly  .finished  Steel  Engravinga,  with  descriptive  Tales  by 
Mis.  S.  C.  Hall,  Marv  Howitt.  and  others.  Folio.  Cloth  gilt,  and 
gilt  edges,  21/. 

GALLERY  OF  MODERN  ART  (The)  ;  a  Series 

of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  by  Mrs, 
S.  C.  Hall,  Mary  Howitt,  and  others.  Folio.  Cloth  gilt,  and  gilt 
edges,  2i/, 


FISHER'S  READY  RECKONER.     The  best  in 

the  world.     iSmo.    Bound,  i/5.    Ntte  Edition,, 

GILMER'S    INTEREST   TABLES:  Tables  for 

Calculation  of  Interest,  on  any  sum,  for  any  number  of  days,  at  ),  i,  if, 
2,  2),  3,  3),  4,  4i,  5  and  6  per  Cent.  By  Robert  Gilmer.  Coirecied 
and  enlarged,      iimo.     Roan  lettered,  5/-     Sixth  Edition. 

GOLDSMITH'S  (Oliver)  COMPLETE  POET- 

ICAL  WORKS.  With  a  Memoir  by  William  Spaldinc,  A.M.,  Pro- 
fessor of  Logic  and  Rhetoric  in  the  University  of  St.  Andrew's.  Portrait 
and  numerous  lUuiVtitiona  on  Steel  and  Wood.  Fcap.  410.  Moit 
elaborately  gilt,  cloHi,  %\- 
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GRAEME  (Elliott) :   BEETHOVEN  :   a  Memoir. 

With  Portrait,  Essay  (Quasi  Fantasia)  "  on  the  Hundredth  Anniversary 
of  his  Birth,"  and  Remarks  on  the  Pianoforte  Sonatas,  with  hints  to 
Students.  By  Dr.  Ferdinand  Hiller,  of  Cologne.  Crown  8vo.  Cloth 
gilt,  elegant,  5/-    Second  Edition ^  slightly  enlarged, 

"This  elegant  and  interesting  Memoir The  newest,  prettiest,  and  most 

readable  sketch  of  the  immortal  Master  of  Music.** — Musical  Standard. 

"  A  gracious  and  pleasant  Memorial  of  the  Centenary.** — Spectator. 

*'  This  delightful  little  book— concise,  aympathetic,  judicious.** — Manchester 
Examiner, 

"  We  can,  without  reservation,  recommend  it  as  the  most  trustworthy  and  the 
pleasantest  Memoir  of  Beethoven  published  in  England.*' — Observer. 

"  A  most  readable  volume,  which  ought  to  find  a  place  in  the  library  of  every 
admirer  of  the  great  Tone-Poet.**— £ii»6Mr^A  Daily  Review, 

GRAEME    (Elliott)  :    A   NOVEL  WITH  TWO 

HEROES.    In  2  vols.,  post  8vo.    Cloth,  2z/-    Second  Edition. 

"  A  decided  literary  success.'*— i4 /Affusum. 

*'  Clever  and  amusing above  the  average  even  of  good  novels free 

from  sensationalism,  but  full  of  interest touches  the  deeper  chords  of  life 

delineation  of  character  remarkably  good.** — Spectator, 

"  Superior  in  all  respects  to  the  common  nin  of  novels.'*— iDai/y  News, 

"  A  story  of  deep  interest The  dramatic  scenes  are  powerful  almost  to 

painfulness  in  their  intensity."— iScofsman. 

HOGARTH  :  The  Works  of  William  Hogarth,  in 

a  Series  of  One  Hundred  and  Fifty  Steel  Engravings  by  the  First 
Artists,  with  Descriptive  Letterpress  by  the  Rev.  John  Trusler,  and 
Introductory  Essay  on  the  Genius  of  Hogarth,  by  James  Hannay. 
Folio.    Cloth,  gilt  edges,  52/6. 

"  The  Philosopher  who  ever  preached  the  sturdy  English  virtues  which  have  made 
us  what  we  are." 

KNIGHT   (Charles)  :    PICTORIAL  GALLERY 

(The)  OF  THE  USEFUL  AND  FINE  ARTS.  Illustrated  by  nu- 
merous beautiful  Steel  Engravings,  and  nearly  Four  Thousand  Wood- 
cuts.   Two  vols.,  folio.    Cloth  gilt,  and  gilt  edges,  42/- 

KNIGHT    (Charles)  :    PICTORIAL    MUSEUM 

(The)  OF  ANIMATED  NATURE.  Illustrated  with  Four  Thousand 
Woodcuts.    Two  vols.,  folio.    Cloth  gilt,  and  gilt  edges,  35/- 

MACKEY'S  FREEMASONRY: 

A  LEXICON  OF  FREEMASONRY.  Containing  a  Definition  of 
its  Communicable  Terms,  Notices  of  its  History,  Traditions,  and  Anti- 
quities, and  an  Account  of  all  the  Rites  and  Mysteries  of  the  Ancient 
World.  By  Albert  G.  Mackev,  M.D.,  Secretary-General  of  the 
Supreme  Council  of  the  U.S.,  &c.  Handsomely  bound  in  cloth,  5/- 
Sixth  Edition. 

*'0f  Mackey's  Lexicon  it  would  be  impioasible  to  speak  in  too  high  terms ;  suffice 
it  to  say,  that  in  our  opinion,  it  ought  to  be  in  the  hanos  of  every  Mason  who  would 

thoroughly  understand  and  master  our  noble  Science No  Masonic  Lodge  ur 

Library  should  be  without  a  copy  of  this  most  useful  work."— Afaxoiitc  News. 
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HENRY  MAYHEWS  CELEBRATED  WORK  ON 
THE  STREET-FOLK  OF  LONDON. 

LONDON     LABOUR    AND    THE    LONDON 

POOR  :  A  Cjdopicdia  of  Ihe  Condilion  and  Eacninea  of  Itiope  ihat 
will  Kotk  and  ihoHC  ihat  cannot  work.  By  Hbnrv  MAIHkW.  With 
many  [ull-page  niuBUations  Iram  Pfaotogriphf,  In  threevoU.  Dinnyiivo. 
Cloih,  4/6  each. 

"  Mr.  Hairy  Uaybew'i  bimnia  nceti  ol  lb*  kibu.  eunin(«.  ind  uflainn  ol 

Iht  L.oniJan  pou,"— I.Id>4'>  WiMi  Limdim  Nrmfupir. 

" Thii nnl■IVlb1^ boakjn  wbkh  Mr.  Utyhtv  fat  Uk  beiur  clu*n  thtii  Aiit 

The  Extra  Volume. 

LONDON     LABOUR    AND    THE    LONDON 

100  K:  Tboie  that  uid  n-l  tmrk.  Comprising  the  NoD-ws>lcei*. 
by  Hehkv  Mavuew  ;  PrcwliiiiLce,  by  BiiAciMiDom  tluiVNa; 
Thievefl,  by  Jotm  Binkv  ;  Baee*"-  ^  Ahdbkw  H*vi.iii*v.  With 
an  Inlmductorv  E»-av  on  Ihc  Agencita  ai  Present  in  Operation 
in  !he  Meiiopolis  for  tlie  SupprcBsion  of  Crime  and  Vice,  hv  th<:  Kcv. 
William  Tuckniss,  B.A.,  Chai  lain  to  the  Sociciy  for  the  Rescue  of 
Young  Women  and  Children.  With  Ulustraiions  of  Scenes  and  LocaU- 
ties.     In  one  lar^  vol.     Royal  8vo.     Clolh  10/6. 

Companion  Volume  10  Ihe  above. 

THE  CRIMINAL  PRISONS  OF  LONDON,  and 

Scenes  o(  Prison  Life.  Bv  Henrv  Mavhew  and  John  Binny.  lllus- 
trilled  by  nearly  two  hundred  EneravingB  on  Wood,  principally  from 
PhotORraphs,     In  one  large  vol.     Imperial  8vo.     Cloth,  10,6. 

Contents  i— General  View  of  London,  iti  Popalation.  Siie  »nd 
ContraBlB— Prufensional  London— Criminal  London— Pen  Ion  vitle  Prison 
—The  Hulks  at  Woolwich- ^■  ID.^nk  Prison— The  Middlesen  Hou>eof 
Delention-Coldbaih  Fields-  le  Vliddleaex  House  of  Correction,  fot- 
hill  Fields— The  Surrey  House  „i  Correction,  W andaw or Ih— Newgale 
— HorsemongerLane — Clerkenwell. 
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MILLER   (Thomas,  Author  of  '*  Pleasures   of  a 

Country  Life,"  &c.) : 

THE  LANGUAGE  OF  FLOWERS.    With  Eight  beautifully-col- 

oured  Floral  Plates.    Fcap.  8vo.      Cloth,  gilt  edges,  3/6.    Fourteenth 

Thousand. 

"A  book 
In  which  thou  wilt  find  many  a  lovely  saying 
About  the  leavaa  and  flowen."— Kbats. 

MILLER    (Thomas)  :    THE   LANGUAGE   OF 

FLOWERS.    Abridged  from  the  larger  work  by  Thomas  Miller. 
With  Coloured  Frontispiece.    Limp  cloth,  6d.    Cheap  Edition, 

FOB'S  (Edgar  Allan)  COMPLETE  POETICAL 

WORKS.     Edited,  with  Memoir,  by  James  Hannat.    Full-page  Illus- 
trations after  Wehnert,  WbxR|   anid.  others.      In    paper   wrapper. 

Illustrated,  1/6. 


SHAKSPEARE  :  THEFAMILY.   The  Dramatic 

Works  of  WILLIAM  SHAKSPEARE,  edited  and  expressly  adapted 
for  Home  and  School  Use.  By  Thomas  Bowdler,  F.R.S.  With 
Twelve  beautiful  Illustrations  on  Steel.  Crown  8vo.  Cloth  gilt,  10/6  ; 
Morocco  antique,  17/6.     New  Edition, 

*«*  This  unique  Edition  of  the  great  dramatist  is  admirably  suited  for 
home  use ;  while  objectionable  phrases  have  been  expurgated,  no  rash 
liberties  have  been  taken  with  the  text, 

"It  is  quite  undeniable  that  there  are  many  passafes  in  Shakspeare  which  a 
fHthcr  could  not  read  aloud  to  his  children — a  brother  to  his  stater — or  a  gentleman  to 
a  lady ;  and  every  one  almost  must  have  felt  or  witnessed  the  extreme  awkwardness, 

and  even  distress,  that  arises  from  suddenly  stumbling  upon  snch  expressions 

Those  who  recollect  such  scenes  must  all  rejoice  that  Ms.  Bowdlbr  has  provided  a 

security  against  their  recurrence This  purification  haa  been  accomplished  with 

surprisingly  little  loss,  either  of  weight  or  value ;  the  baae  alloy  in  the  pure  metal  of 

Shakspeare  has  been  found  to  amount  to  an  inconceivably  small  proportion 

It  has  in  general  been  found  easy  to  extirpate  the  offensive  expresaions  of  our  great 
poet  without  any  injury  to  the  context,  or  any  visible  scar  or  blank  in  the  composition. 
They  turn  out  to  be  not  so  much  cankers  in  the  flowers,  aa  weeds  that  have  sprung 
up  by  their  side— not  flaws  in  the  metal,  but  imparities  that  have  gathered  on  its 
surface — and,  so  far  from  being  miased  on  their  removal,  the  work  generally  appears 
more  natural  and  harmonious  without  them.**— Lord  Jeffrey  in  the  Edinburgh 
Review. 

SIIAKSPEARE'S   DRAMATIC  &   POETICAL 

WORKS.  Revised  from  the  Original  Editions,  with  a  Memoir  and 
Essay  on  his  Genius  by  Barry  Cornwall.  Also  Annotations  and 
Introductory  Remarks  on  his  Plays,  by  R.  H.  Hornb  and  other  eminent 
writers.  With  numerous  Woodcut  Illustrations  and  Full-page  Steel 
Engravings,  by  Kenny  Meadows.  Three  vols.,  super-royal  8vo.  Cloth 
gilt,  42/-     Tenth  Edition, 

SHAKSPEARE'S   WORKS.     Edited  by  T.   O. 

Halliwell,  F.R.S.,  F.S.A.  With  Historical  Introductions,  Notes 
Explanatory  and  Critical,  and  a  series  of  Portraits  on  Steel.  Three 
vols.,  royal  8vo.    Cloth  gilt,  50/- 


Cloth  gill,  elegant,  i2/( 
-"antique,  21/-     Twtnl 


SOUTHGATE  (Henn 

OF  MANY  MINDS.  Se<^ 
Cloth  gilt,  elegant,  13/G;  Lib 
rocco  antique,  11/.  Fifth  BM 
"  We  we  not  (urpriied  ihil  ■  S«c( 
tor.  Pruchc™.i.dV«blic  Spobn 
EilMbyrfh  Dait,  Riviem. 


THE    SHILLI 

By  JOHN  1 

Author  of  "  The  Cur 

A  Series  of  Hind-Boolu,  cool 

to  all  Readen.     Fcap.  8vo.     t 

Edition.  ^ 

I.— CHARACTERISTICS    OF    E! 

Boond  in  neat  doth,  price  if- 

"lUiioipoiiibktodiplntotliiibo. 

tluil  will  bur  itptuiDg-'Shifflibt  Da 

n.— CURIOSITIES    OF    ANIMA] 

John  Timbs.     Neat  cloth,  price 
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TiMBS^s  Manuals — {continusd), 

v.— POPULAR  SCIENCE.  Recent  Researches  on  tlM  Sun,  Moon, 
Stars,  and  Meteors;  The  Earth;  Phenomena  of  Life,  Sight  and 
Sound;  Inventions  and  Discoveries.  Familiarly  Illustrated.  Written 
and  compiled  by  John  Timbs.    Neat  cloth,  price  i/- 

•*  A  very  useful  little  manual." — Sheffield  Daily  Telegraph. 

"  Will  be  found  abundant  in  much  out  of  the  way  information  on  almost  every 
conceivable  topic,  where  the  popular  mind  is  for  the  most  part  in  error." — Evening 
Standard. 

VI.— THOUGHTS  FOR  TIMES  AND  SEASONS.  Selected  and  com- 
piled by  John  Times.    Neat  cloth,  price  i/- 

*' Contains  a  very  great  amount  and  variety  of  out-of-the-way  extracts  from 
modern  and  old  writings."— AfrcAantc's  Magauine. 

"  In  a  neat  and  concise  form,  are  brought  together  striking  and  beautiful  passages 
from  the  works  of  the  most  eminent  divines  and  moralists,  and  political  and  scientific 
writers  ot  acknowledged  ahWxiy."— Edinburgh  Daily  Review 

Opinions  of  the  Press  on  the  Series. 

*'  It  is  difficult  to  determine  which  of  these  volumes  is  the  most  attractive.  Will 
be  found  equally  enjoyable  on  a  railway  journey,  or  by  the  fireside.** — Mining  Joumal, 

"  These  additions  to  the  Library,  produced  by  Mr.  Timbs'  industry  and  ability,  are 
useful,  and  in  his  pages  many  a  hint  and  suggestion,  and  many  a  fact  of  importance, 
is  stored  up  that  would  otherwise  have  been  lost  to  the  public.** — Builder. 

"  Capital  little  books  of  about  a  hundred  pages  each,  wherein  the  indefatigable 
Author  is  seen  at  his  beat." — Mechanics'  Magazine. 

"  Extremely  interesting  volumes."— £vr«j»^  Standard. 

"Amusing,  instructive,  and  interesting As  food  for  thoujg^ht  and  pleasant 

reading,  we  can  heartily  recommend  the  '  Shilling  Manuals.'" — Birmingham  Daily 
Gazette, 


TIMBS    (John,    F.S.A.) :    PLEASANT    HALF- 

HOURS  FOR  THE  FAMILY  CIRCLE.  Containing  Popular  Sci- 
ence,  Thoughts  for  Times  and  Seasons,  Oddities  of  History,  Charac- 
teristics of  Great  Men,  and  Curiosities  of  Animal  and  Vegetable  Life. 
Fcap.  8vo.    Cloth  gilt,  and  gilt  edges,  5/-    Second  Edition, 

"  Contains  a  wealth  of  useful  reading  of  the  greatest  possible  variety.**— P/ymoM/Zi 
Mercury. 

VOICES  OF  THE  YEAR  (The) ;  Or,  the  Poet's 

Kalendar.  Containing  the  choicest  Pastorals  in  our  Language.  Pfo- 
fttsely  Illustrated  by  the  best  Artists.  In  bevelled  boards,  elaborately 
ornamented  and  gilt,  12/6. 

WANDERINGS     IN     EVERY     CLIME;    Or, 

Voyages,  Travels,  and  Adventures  All  Round  the  World.  Edited  by 
W.  F.  AiNswoRTH,  F.R.G.S.,  F.S.A.,  &c.,  and  embellished  with  up- 
wards of  Two  Hundred  Illustrations  by  the  first  Artists,  including 
several  from  the  master  pencil  of  Gustavb  Dore.  Demy  4to,  800 
pages.    Cloth  and  gold,  bevelled  boards,  21/- 
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